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DECLARATION OF .T. CH RISTOPHER GRIMALDL TINDER 37 CFR § 1 m 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gerie expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
tfian data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 
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8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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in a Case of Acute Lymphocytic 
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Otiromosomal translocations have proven to be important 
markers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
oane can identify activated proto-oncogenes. We have stud- 
led a case of B-lineage acute lymphocytic leukemia (ALL) 
tHat was associated with peripheral blood eosinophilia. The 
cfvomosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA (N) and the leukemia 
sample (U were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind \\\/EcoH\ and Sau3A restriction 
digests. The rearranged bands are less Intense than the other 
bands because the majority of cells in the sample represent normal 
bone marrow elements. 



translocation Joined the immunoglobulin heavy chain join- 
ing (Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
© 1989 by Grune & Stratton, Inc. 

protooncogenes, such as omyc and 6c/-2. u In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer; The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 5 * 4 This syndrome probably 
occurs in <\% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly, 
10 ug of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
IgaTbse *gel. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 

Genomic library. The genomic library was made using pub- 
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lished methods. 5 Approximately 100 M g of high mol wt genomic 
DNA were partially digested with the Sau3A restriction enzyme 
Fragments from 9 to 23 kilobases (lcb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 1 

DNA sequencing. Fragments for sequencing were cloned into 
M 13 vectors and sequenced by the chain termination method using 
Sequenase (United States Biochemical, Cleveland).' All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5; 1 4)(q3 1 ;q32) translo- 
cation. These features define a distinctive subtype of ALL. M 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20) 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
EcoRl, HindlU, Sstl, Sau3A, and EcoRl plus Htndlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;I4)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRl, Hindlll/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample,, confirming that clone no 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic**' 
growth factor IL-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene. - When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig2). 

We confirmed the juxtaposition of the IL-3 gene and the 
J H <^ by nucleic acid sequencing of thc subc , oned 
BstUll/HpaX fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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to the map of IL-3. The two genes are positioned in a head .o h»»H ? . Si " *"* (a * the dash8d line) - after which it is identical 
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T(5;14) CHROMOSOMAL TRANSLOCATION 2083 

3A-> The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

the Jh4 region. Between the two breaks, 25 bp of uncertain tional orientation. 16 Using this information and assuming a 

origin (putative N sequence) were inserted. 15,14 No sequences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 

cou-ld be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4). 

nuolesic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
shoved that the genes were positioned in opposite transcrip- 
tional orientations (head-to-head). DISCUSSION 

^Available data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 

kmown to be positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q. 2,15 It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

A 5 1 GGTG ACCAGGGTTCCCTGGCCCC AGTAGTCAAAGTAGTA^GGTAATTCATCATAGCTGCGGATTAGC AGCGTGACCGGC fl R 
S' CCACTGGTCCCAAGGGACCGGGGTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCCTAATCGTCGCACTGGCCG tt 

' " ..... 

5 1 TACCAGACAAACTCTCATCTGTTCGAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGCGGGCAGCAGAGGGCCAGG . fi0 
3 ■ ATGGTCTGTTTGAGAGTAGACAAGGTC ACCGGAGGACCGGTGGGTGGTCCTGGTTCGTCCCGCCCGTCGTCTCCCGGTCC 

m ********* # ♦ . 

5 • GTAGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTC AGTGAGCTGAGTC AGGCTTCCCCTTCCTGCC AC A ~ . n 
3 • CATCAGGTCCACTACCGTCTACTCTAGGGTGACCCGTCCTCCGGAGTCACTCGACTCAGTCCGAAGGGGAAGGACGGTGT * 

5 1 GGGGTCCTCTCACCTGCTGCCATGCTTCCCATCTCTCATCCTCCTTGACAAGATGAAGTGATACCGTTTAAGTAA - 2 fl 

3 1 CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGGC AAATTCATTAG AAA 

********* 

5 1 TTTCTTGTTTCACTGATCTTCAGTACTAGAAAGTCATGGATGAATAATTACGTCTGTGGTTTTCTATGGAGGTTCCATGT Ann 
3 • AAAGAAC AAAGTGACTAGAACTCATGATCTTTCAGT ACCTACTTATTAATGC AGAC ACCAAAAGATACCTCC AAGGTACA * 



5 1 C AGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGGTTGTGGGC ACCTTGCTGCTG 
3 1 GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCCAACACCCGTGGAACGACGAC 
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5 ■ C ACATAT&AGGCGCGAGGTTGTTGCC AACTCTTC AGAGCCCCACGAAGGACCAG A ACA AGAC AGAGTGCCTCCTGCC GAT «. f . 
3 • GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTTGTTCTGTCTC ACGGAGGACGGCTA 

5 1 CCAAACATGAGCCGCCTGCCCGTCCTGCTCCTGCTGCAACTCCTGGTCCGCCCCGGACTCCAAGCTCCCATGACCCAGAC f t f 
3 1 GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTACTGGGTCTG ' 

5 1 AACGTCCTTGAAGACAAGCTGGGTTAAC 3* fiR 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5 % DOb 

BlhA 5 'TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC 
ig Jfi4 ^ , AC CGGGGTCATCAGTTTCATCAGTGTAAC ACCCTCCGGGGTAATTCCCCACG TGTTTTTGG ACTGAGAG 

++++++++++++++++++++++ 

n ft A 5 1 TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
C 1 ' * 4 3 1 ACCGGGGTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCCT AATCGTCGCACTGGCCGATGGT 

++++++++++++++++++++++ 

5 1 GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGC AGCGTGACCGGCTACCA 
XI "" 3 3 1 CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT 

Fig 3. Sequence of t(6;14)(q31 ;q32) breakpoint region. (A) Nucleotide sequence of the Bst£\\lHpa\ fragment indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jh4 coding region underlined on the coding strand. 6 Nucleotides 39 to 63 are a putative N region. The 
sequence from position 64 to 668 is that of the germline IL-3 gene. 2 * The IL-3 TATA box (485), transcription start (516), and initiation 
methionine (567) are underlined. Two proposed regulatory sequences in the promotor are marked by asterisks (positions 182 and 389). (B) 
Comparative sequence of the t(5;14)(q31 ;q32) breakpoint region. The lgJh4 region is shown with its coding region, heptamer, and 
nonamer underlined. Clone no. 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A plus sign ( + ) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified in the IL-3 sequence. 
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r J?-*' u Dia9r8m ° f tha trans, oe«'<>n- The normarchromosome 
6q31 is shown with the GM-CSF gene telomerlc to the IL-3 gene in 

^.^T^ ^"T 1 orientation »"<>"". On normal chromosome 
14032 the Vh regions are telomeric. The t(S;14)(q31;q32) translo- 
cate results in the head-to-head orientation of these genes 
Symbols are defined in Fig 2. BP. breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene." " This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the c-myc gene in some cases of 
Bursts lymphoma." An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene 

auJotrineTo? aCtiVati ° n ° f ^ g ™ that a " 

KtaT^E ,S ,mP ° rtant f ° r the P ath °g^ of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard there 
are data indicating that immature B-lineage lymphocytes 
and B-lineage leukemias may express the IL-3 receptor »•» 

An additional feature of this type of leukemia the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor 2 " 4 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophil in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation." 14 This is supported by the break 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 1 4 kb away (Fig 4) This 
is known to be within the range of enhancer activation.* 5 The 
interleukin-5 (.IL-5) gene maps to chromosome 5q3l * 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples We 
plan to determine whether the t(5;14)(q31;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia. 
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RAPID COMMUNICATION 

Activation of the Interleukin.3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(6;14)(<j31;q32) translocation from B-lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples. In both cases, this transloca- 
tion joined the IgH gene and the interieukin-3 (IL-3) gene. In 
one patient, excess IL-3 mRNA was produced by the 
leukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
-TX associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
£c/-2, oabl 9 and c-myc y that aje -located adjacent to the 
translocation.'- 2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage immunophenotype, eosinophilia, and 
the t(5;14)(q31;q32) translocation. 3 - 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and interleukin-3 (IL-3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described w 
Clinical features of Case 2 have been described in detail. 3 DNA 
isolation and Southern blotting was done using previously described 
methods. Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp BamHl/EcoKl genomic IL-3 fragment, and an IL-3 
cDNA probe. 7 1 

Northern blots. RNA isolation and Northern blotting have been 
described. 9 Briefly, Northern blots were done by separating 9 M g 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the Afto I site in 
exon 5, a 720 bp Sst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDN A probe. 1 ^ 2 V 

Polymerase chain reaction. Primers were designed with BamHl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCGACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5'-AACAGGATCCCGCCTTATATGTGCAG) 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 uh containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCI 2 , 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fraction V). 
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activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene 
resulting in autocrine and paracrine growth effects. 
© 1 990 by The American Society of Hematology. 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkin-Elmer, Norwalk, CT). n 

Sequencing. Sequencing was done by chain termination in Ml 3 
vectors. As part of this study, we sequenced a subclone of a normal 
IL-3 promoter, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed site"of transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos7 cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector. 10 Briefly, the HindUl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously .described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporation, and supernatant Was collected after 48 
hours in culture. 

TFl bioassay. TF-1 cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and 1 ng/mL human GM-CSF.' 5 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 uL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-well microliter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 nL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well! 
giving a final cell ccncehtratioirof 1 x. 10 4 cells per well (final 
volume, 100 M L). The plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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s in the middle and the germline IL-3 sequence, which we derived from • normal IL-3 SETE^ Z ^^ ^T" 

sequence has the same nucleotide. The sequence documents the head-to-head Joining of Z^and^^^u t that * ach 

gene occurred at position -934 «•). 9 M and ,flH « 0n08 - Th « breakpoint in the 
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metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm. 16 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 ng/mh) to coat the wells of a PVC 
microtiter plate. The capture, antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-3, IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted 1:2 for IL-3, undiluted for IL-5, and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat (J4 
MoAb) anti-NIP for IL-5 and GM-CSF. The chromogenic sub- 
strate was 3-3'azino-bis-benzthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region ( Jh) probe, a rearranged fragment at approxi- 
» mately 14 kb was detected (data not shown). When re'probed 
with either of two different IL-3 probes, a rearranged 14 kb 



#2 



#1 
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~f 8ratiD8 with the ranged Jh fragment was 
identified Whea leukemic DNA was digested with j£J5 

The IL-3 probes also identified a comigrating fragment of 
th» size. These experiments Indicated I that the E£££ 
sample studied was clonal and that a single fragment 
conuined both Jh and IL-3 sequences, sugg ei„ g a tr!X 
cation had occurred. 6 iransio- 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
chain reaction (PGR) was used to clone the traJsTocS lo r» 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head trans^- 

l While control DNA gave no PGR product, CafeTl^NA 
yielded a PCR-derived fragment of approximWly 980 bp 
which was cloned and sequenced. 

coJfir^ SeqUCnCC ° f the trans,ocati °" ^ne from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to-head configuration (Fig 1) 

STJT ^ iDdiCated that the brea kP0int on chromo- 
some 14 was just upstream of the Jh5 coding region The 
breakpoint on chromosome 5 occurred 934 bp upSr£mtf 
the putauve site of transcription initiation of the IL-fg™„e 
We also determined that a putative N sequence of 17 bp was 
inserted between thT chromosome 5 and chromosome H 
sequences during the translocation event." '* Figure 2 shows 
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Fig i. Relationship of chromosome 6 breakpoints to the IL-3 gene. This figure shows the two cloned h«»i,~.' «. , 
the normal IL-3 gene.'" On. breakpoint occurred at position -462 end the other •tV^i^^^ri" r *^ ,, "' Wh,,0Bto 
translocations resulted in a head-to-head joining of the IgH gene end the IL-3 gene, leaving the mRNA and^rL-? ^ clrcu ">«ances. the 
gene intact. Boxes denote the five IL-3 exons; restriction enzymes are (B) BamHI. (P) Path (H> TtoimeSSw ° f ** " 
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-SiLrnTS and hybridized whh a probe for « Una 1 

+ hours with concanavalian A (ConA) and Ian, ,3^ !!SXiSZ , T , C ° ntr ° l Un ° 2 COnta,ned RN * from PBL stimulated for 
•ana, (2 and 3), a 1 kb band was Idamm^ i^^S^. T ^lTt ^ 48 ^ AS ln th ° ~ 

11-3 gene. In addition, tha laukamlo sample sho3^ jesting aberrant axprasslon of the 

documented that this represented an unsplice^^ ^ T*2 *' UPP * r arr ° wK Wo 

-from intron 2 of the IL-3 fl ene. A similar 2 9 i^^asd^l^Zil kb J nnm **\ by that this band hybridized to a probe 

detectable in norma. n*o/en-s^ an IL* mRNA of this size Is someLes 

without the t(5;14) translocation, indicating that only tha^ acuto ^phocytlc leukemia 

*ina!yied by Northern blot because too few cells wereavaS exhibited IL-3 over-expression. Case 2 could not be 



the locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
jiormal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
we studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
<data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19,20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JESl- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either anti-IL-5 or anti-^M-CSK,was consistent with the 
inability to measure these factors by immunoassay and 



Table 1. Peripheral Blood Counts end Growth Fector Levels 
at Different Times in Case 2 



Sample Date 



Peripheral blood counts (cells/^L) 
WBC 

Lymphoblasts 
Eosinophils 
Serum growth factor levels (pg/mL) 
IL-3 

GM-CSF 
IL-5 



11/16/83 1/16/84 3/14/84 



81,800 116,500 12,300 



0 


33,785 


0 


46,626 


73,080 


615 


' <444 


7,995 


1,051 


<15 


<15 


<15 


<50 


<50 


<50 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified by immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1 . 

Abbreviation: WBC, white blood cells. 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
ymphocytic leukemia and eosinophiUa associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 

that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise normal IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true. 
In addition, neither GM-CSF nor IL-5 are 5 over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 6 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 

ST IL - 3 '* *t tent for evolution ° f 

leukemia. The excess.ve IL-3 production that we have 
documented would be one feature of such an autocrine loop 
the final proof of our thesis must await additional data In 
particular, from the study of additional clinical samples it 
will be necessary to document that the IL-3 receptor' is 
present on' the leukemic cells and that anti-IL-3 antibodv 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophil* in these patients is mediated by the oara- 
enne efTects of leukemia-denv^d %3 , similar interventions 
may .mproye this aspect of the disease. Antibodies or* 
aSabTe * aCC ° mpUsh thcse 8 0a,s **V «*>n be 
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Clinical and Pathologic Significance of the 
c-er/>B-2 (HER-2/ neu) Oncogene 

Timothy P. Singleton and John G. Strickler 



The c-erfeB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al ,™ who reported that c-eriB-2 DNA amplification in breast carcino- 
mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-erfeB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews. *>m* The molecular biology of the cerfeB-2 oncogene has been 
extensively reviewed"^ and wJll be ^s CUSSei only briefly here 



BACKGROUND 



The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 8 ^«.7s The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
erbB.»a* HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB." When the DNA sequences were determined subse- 
quently, c-erfcB-2, HER-2, and neu were found to represent the same gene. 
Recently, the c-erfcB-2 oncogene also has been referred to as NGL. 

The c-erfcB-2 DNA is located on human chromosome 17q2iw*>«> and codes 
tor c-eri>B-2 mRNA (4,6 kb), which translates c-erbB-2 protein (p!85). This 
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protein is a normal component of cytoplasmic membranes. The c-eriB-2 
oncogene is homologous with, but not identical to, c-erfcB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor.* 109 The c- 
erfcB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 8 * 1 * Electron microscopy 
with a polyclonal antibody detects o.erfcB-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
membrane, 61 In normal cells, immunohistochemical reactivity for c-erbB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membrane's 
brush border. w - 62 

There is experimental evidence that o-erfeB-2 protein may be involved in 
the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 
erbB-2 protein can transform a ceU line into a malignant phenotype, 25 Also, 
when the neu oncogene contaiffihflin activating point mutation is placed in 
transgenic mice with a strong promoter for increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 18 - 63 In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a neu-transformed cell line, 26 - 28 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu- 
transformed cell line." Some authors have speculated that the use of antago- 
nists for the unknown Ugand could be useful in future chemotherapy. 85 Further 
review of this experimental evidence is beyond the scope of this article. 

The c-erbB-2 activation most likely occurs at an early stage of neoplastic 
development. This hypothesis is supported by the presence of c*erfcB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform c-er&B-2 activation 
at multiple sites in the same patient, iu*.».«.to although c~erbB-2 activation has 
rarely been detected in metastatic lesions but not in the primary tumor. w*w 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 5 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns of c-erfcB-2 activa- 
tion, but only a few such cases have been studied. 11 



MECHANISMS OF c-erfcB-2 ACTIVATION 

The most common mechanism of c-erfcB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-eriB-2 mRNA and 
protein. The c-er&B-2 amplification may stabilize the overproduction of 

mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-er&B-2 amplification contain 2 to 40 times more c-erbB-2 DNA 4 * 5 and 4 to 
128 times more c-erbB-2 mRNA 54 90 than found in normal tissue. Most human 
breast carcinomas with oeri?B-2 amplification have 2 to 15 times more c-erJ>B-2 
DNA. T\imors with greater amplification tend to have greater overproduc- 
tion. 17 ^ 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfcB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

• The second most common mechanism of c-erfcB-2 activation is overproduc- 
tion of c-er&B-2 mRNA and protein without amplification of c-eriB-2 DNA, 81 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. "»* The c-erbB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incomplete restriction enzyme digestions 
that mimic translocations.^ 65 ^m w,io8 A siiigle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosureai 9 ' 55 Hie mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. Although there has been specula- 
tion that some of the amplified c-erfeB-2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms. 41 ' 53 ' 81 

TECHNIQUES FOR DETECTING c-erbB-2 ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of c-<?r£B-2 DNA is usually detected by DNA dot blot or South- 

# em blot hybridization. In the dot blot method, the extracted DNA is placed 

directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-erfcB-2 DNA probe. In both tech- 

i niques, c-er&B-2 amplification is quantified by comparing the intensity (mea- 

sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-erfcB-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells, 81 Second, the c-erbB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide e- 
erfcB-2 probes may not be sensitive enough for measuring a low level of c-criB- 
■ 2 amplification, because diploid copy numbers can be difficult to detect (unpub- 

; lished data). Third, the total amounts of DNA in the sample and control tissue 

must be compensated for, often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17, the location of c- 
erfoB-2, to correct for possible alterations in chromosome number. Identical 
. results, however, are obtained by using control probes to genes on other chro- 

' mosornes, 5 '* 5 ' 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is 
deleted occasionally in breast carcinomas. 3 

Amplification of c-erfcB-2 DNA was assessed by using the polymerase 
chain reaction (PCR) in one recent study. 32 Oligoprimers for the c-erfcB-2 gene 
and a control gene are added to the samples DNA, and PCR is performed. If 
the sample contains more copies of oerbh-2 DNA than of the control gene, the 
c-erfcB-2 DNA is replicated preferentially. 



5 : >J selected. 
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Detection of c-erbB-2 mRNA Overproduction 

Overproduction of c-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization. Both techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c-erfcB-2 mRNA haspbeen described in two recent 
abstracts. 80 ' 102 

Overproduction of c-erfcB-2 mRNA can be measured by in situ hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography. Silver grains are seen only over 
tumor cells that overproduce oerbB-2 mRNA. Negative control probes are 
used. 65 ' 98106 Our experience indicates that these techniques are relatively insensi- g 
tive for detecting c-erWB-2 mRNA overproduction in routinely processed tis-r | 
sue. Although the sensitivity may be increased by modifications that allow |. 
simultaneous detection of c-erfeB-2 DNA and mRNA, in situ hybridization still 1 
£ j is cumbersome and expensive (unpublished data). | : 

I All of the above c-erfcB-2 mRNA detection techniques have several prob- | ! 

tarns that make them more difficult to perform than techniques for detecting f/* 
i : r DNA amplification. One major problem is the rapid degradation of RNA in £ 

tissue that is not immediately frozen or fixed. In addition, during the detection | ? \ 
procedure, RNA can be degraded by RNase, a ubiquitous enzyme, which must | i 

be eliminated meticulously from laboratory solutions. Third, control probes to ? i 

genes that are uniformly expressed in the tissue of interest need to be carefully | ! 



Detection of o-erf>B-2 Protein Overproduction 

The most accurate methods for detecting c-erAB-2 protein overproduction are 
the Western blot method and immunoprecipitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erbB-2 protein. In 
Western blot studies, protein is extracted from the tissue, separated by electro- 
phoresis (according to size), transferred to a membrane, and detected by using an- 
!■■ : tibodies to c-er&B-2. In immunoprecipitation studies, antibodies against c-er&B- f ; 

- j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | • 

;! separated by gel electrophoresis and stained for protein. Both Western blot and | j 

l immunoprecipitation are useful research tools but currently are not practical for J • 

diagnostic pathology. TWo recent abstracts have described an enzyme-linked |i 
} ] immunosorbent assay (ELISA) for detection of c-erfcB-2 protein. f ] 
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ACTIVATION OF c-ert>B«2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Most studies of c-erfcB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfcB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (TUble 1), and 
e-er&B-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
fcriBr2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erfoB-2 DNA amplification. 

The incidence of c-er&B^2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-eriB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent c-erfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erfcB-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erfcB-2 activation > 40 M ' 68 especially if larger cells are present. The greater fre- 
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Overproduction of c-erfcB-2 protein is most commonly assessed by various 
immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erfcB-2 
protein band on Western blot or immunoprecipitation, the results of these 
studies should be interpreted with caution. 22 ^ 47 - 61 Even some monoclonal anti- 
bodies immunopreeipitate protein bands in addition to c-erbB-2 (pl85). 30 ' 6IMl6 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-erfcB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells. 81 ' 86 
When Bouins fixative is used, there may<be a higher, percentage of positive 
cases. il Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-eriB-2 activation in breast 
carcinoma, the number of positive cells and the staining intensity required to 
diagnose c-erf>B-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erbB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 04 \ 
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quency of c-erbB-2 protein overproduction in comedocarcinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c-erfeB-2 activation infrequently. Others have speculated 
that carcinoma in situ with c-erfcB-2 activation tends to regress or to lose c- 
eroB-2 activation during progression to invasion.*'' 68 - 91 Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
erbB-2 activation, »w» although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive thah in in situ carci- 
noma*^ Activation of c-erbB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the c- 
erbh-2 protein overproduction tends to occur in the comedocarcinoma in situ 
but may include other areas of carcinoma insitu.«-«-« Overproduction of c- 
erbB-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate. 68 

Activation of c-erfeB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-eriB-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. In normal breast tissue, c-eriB-2 DNA is 
diploid, and c-erfcB-2 is expressed at lower levels than in activated tumors. 3 *- 35 0 " 

These preliminary data suggest that c-erfcB-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because oerbB-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erfcB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of comedocarcinoma in situ, which commonly overproduces 
c-erfeB-2, are unlikely to be mistaken for those of benign lesions. Activation of 



Histological Diagnosis 


c-er6B-2 DNA 
Amplification' 


c-er6B-2 mRNA 
Overproduction 


c-erbB-2 Protein 
Overproduction 


Fibrocystic disease 






0/32,3* 0/9,m 0/8** 


Atypical ductal hyperplasia 






2(weak)/21, 54 


Benign ductal hyperplasia 






1 (cytoplasmic)/^ 38 






0/123" 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/16«0/6,w 


0/6* 0/3" 


0/21,38 0/1 0,« 




0/2," 0/1" 




0/8»0/3« 


Radial scars 






0/22« 


Blunt duct adenosis 






O/K 3 * 


"Breast mastosls" 




0/335 





'Shown as number of casos with actlvatlon/number of cases studied; reference Is given as a superscript 
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c-erfeB-2, however, does fevor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma. Further studies of these issues would be useful 

Correlation of c-ertoB-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-erfcB-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-erbB-Z was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfeB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with c-er&B-2 activation. 6 - 7 

Correlation of c-ert>B-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate c-erfcB-2 activation with clinical 
features that may predict a poor outcome (Table 4). Activation of c-erfcB-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-erbB~2 activation, and, in the rest of the reports, c- 
erbB-2 activation was associated with either younger or older ages. 

Correlation of c-erbB-2 Activation With Patient Outcome 

Slamon et al™- 9 * first showed that amplification of the c-eriB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et al also reported that c-erfcB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis. 70 - 81 

A large number of subsequent studies also attempted to correlate c-erfcB-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween c-erfcB-2 activation and tumor recurrence or decreased survival. In five 
of these series, the predictive value of c-erfcB-2 activation was reported to be 
independent of other prognostic factor$r-In contrast, 18 series did not-confirm 
the correlation of c-erfcB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erbB-2 amplification correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-eriB-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-eri>B-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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iffH 5 * C0RRELATK)N 0P ACTIVATION WITH OUTCOME IN PATIENTS 

WITH BREAST CARCINOMA 



Number of Patients 



Type of 



With 



to 





c-erfcB-2 




Axillary No 


fiffitfirHrnl 

oimioucai 




Activation* 


Tote/ 


tympft Nodes Metastasis 




nvivicrivc? 


<0.05 


DMA 


I/O 




M 


87 


<0.06 


DMA 


01 




U 


50 


<0.05 


DMA 


07 




U 


65 


<0.05 


DMA 






U 


93 










U 


65 


<0 OS 


DmMm 


-■ lOZ 




M 


10V 


<0.05 


DMA 




345 


M 


81 


<0.05 


DMA 




120 


U 


17 


<0.05 


DMA 




91 


U 


87 


<0,05 


DMA 




86 


M 


79 


<0.05 


~ roiein-YVp 




350 


M 


85 


<0.05 






62 44 


U 


101 


0.05-0.15 


DNA 


57 




u 


111 
92 


0.05-0.15 


Protein 


189 




M 


0.05-0.15 


Protein 




120 


U 


66 


>0,15 


DNA 


130 




U 


113 


>o.ie 


DNA 


122 




M 


4 


>0.15 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




U 


50 


>0.15 


Protein 


290 




M 


86 


>0,15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




U 


39 


>0.15 


Protein 




137 


u 


17 


>0.15 


DNA 




181 


M 


81 


>0.15 


DNA — 




- 159 •, 


U 


fr 


>0.15 


DNA 




73 


U 


67 


>0.15 


ProtelrvWB 




378 


U 


65 


>0.15 


Proteln-WB 




192 


u 


17 


>0.15 


Protein 




141 


u 


86 


>0.15 


Protein 




41 


u 


40 



w, 9 .uuioa iwrnur recurrence or Qecreaseo survival or own. correlation between c- 

er6B-2 activation and a poorer patient outcome Is statistically significant at <0.05 f Is of equivocal significance 
at 0.05 to 0.16, and Is not significant at >0.15. 

*Shown as variable measured. Letters "WB" Indicate assay by Western blot; the other protein studies used 
Immunohlstochemlcal methods. 

C M « multivariate statistical analysis; U = univariate statistical analysis. 
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wrS dL>^^ QE ° F BREAST CARCINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF c-*rfcB-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70 



60- 



60- 



40- 



71 (DMA)* 



61 (DNA)*> 

59 (DNA) 67 
58(Proteln)'<" 



64{DNA)'" 



42(Protein)* 



+ 



P<0.05 



0.05<P<0.15 



64 (mftNA)» 
61(DNA)< 



68 (DNA)« 
57 (DNA)*« 
55(Pfoteln)» 

48(Protetn)" 
46(Protein)« 



P>0:16 



P for correlation of c-eroB«2 activation with patient outcome. 

I^IT^T^ ° f carcinomas * Uh ™rtastasis is compared with the correlation between c~ 
£Z2 !^^ utcome ' 711686 dala indude «* studies that considered, as one group, all breast 

cancer patients, whether or not they had axillary metastasis. Superscripts are the references l^entheses 
are the types of cserf>B-2 activation. P values are Interpreted as In Table 3. enures 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-*rfcB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of e- 
* •'■ er6B-2 acUvadon in ductal tumors. In addition, most stupes do not ejiaJyze 

inflammatory breast carcinoma separately. This condition frequently shows c- 
erbB-2 activation and has a worse prognosis than the usual mammary card- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erbB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erfcB-2 overexpression predicted early 
recurrence. In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-erbB-2 activation,^ 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-erfeB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-erfeB-2 activa- 
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tion and poor patient outcome measure c-eriB-2 DNA amplification (Table 5) 
and breast carcinoma patients with greater amplification of cerfcB-2 may have 
poorer survival.™ Recent studies suggest that amplification has more prognos- 
tic power than overproduction but the clinical significance of c-erfcB-2 
overproduction without DNA amplification deserves further research.** Few 
studies W attempted to correlate patient outcome with c-er*B-2 mRNA 
overproduction and many studies of c-eriB-2 protein overproduction use rela- 
tional anUbodies SU ° h ™ mu °°histochranical studies with poly- 

Comparlson of c-eroB-2 Activation With Other Oncogenes In 
Breast Carcinoma 

Other oncogenes that may have prognostic implications inhuman breast cancer . 
are renewed elsewhere.".™ Tins section will be restricted to a comparison 
between the cbmcal relevance of c-er6B-2 and these other oncogenes. 

The c-royc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-«r6B-2 activation .".«.77.87.«j 
une study found a correlation between increased mRNAs of c-eriB-2 and c- 
myc, although other reports have not confirmed this.*"* Subsequent research 
however, could demonstrate a subset of breast carcinomas in which c-muc has 
more prognostic importance than c-eriB-2. 

The gene c-erbB-1 lor the epidermal growth factor receptor (EGFR) is 
homologous with c-erfcB-2 but is infrequently amplified in breast carcinomas.™ 
Overproduction of EGFR, however, occurs more frequendy than amplification 
and may correlate with , a poor prognosis. In studies that have examined both c- 
er*>B-2 and EGFR in the same tumor, c-erbB-2 has a stronger correlation with 
poor prognostic factors.^ Studies have tended to show no correlation between 
ampluicationofc-eroB-2and(>erbB-loroverpr()ductionofc-«rfcB-2andEGFR 

n^°i^ilSf,^ leCUlar leVd EGFR mediates Phosphorylation of c-eriB-2 
protein." Recent reviews describe EGFR in breast carcinoma A«o 

The genes c-efbA and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are. located adjacent tcrc*rfcB*fi on chromosome 17, These genes 
are frequently coamplified with c-erfcB-2 in breast carcinomas. The absence of 
c-erbA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia* Amplification of c-erfcB-2 can occur 
without ear-1 amplification, and these tumors have a decreased survival that is 
sim.lar to tumors with both c-erfcB-2 and ear-1 amplification." Consequendy 
c-erfcB-2 amplification seems to be more important than amplification of oerM 
or ear-1. 



Other genes also have been compared with cer&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased c-«rfeB- 

y ^nT^ mRNAs „ 0f M pktelet-derived growth factor chain A, 
and IG-nu.i* Allelic deletion of c-Ha-nu may indicate a poorer prognosis in 
breast carcinoma" but it has not been compared with c-erfeB-2 activation Some 
stiuhes have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.".™ 
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES 

Incidence of c-ert>B-2 Activation In Non-Mammary Tissues 

Table 7 summarizes the normal tissues In which c-er&B-2 expression has been 
detected, usually with immunohistochemical methods using polyclonal anti- 



TABLE 7. PRESENCE OR ABSENCE OF CHJ/fcB-2 mRNA OR oerbB* PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
c-erbB-2 
mRNA 



Tissues Producing Tissues Lacking Tissues Lacking 

c-er&B-2 Protein* c-erbB-2 mRNA c-«rbB~2 Protein 



Skin 24 



Stomach 2 * 

Jejunum 24 

Colon 24 

Kidney* 



Liver* 



Lung* 



Petal brain* 

Thyroid 1 
Uterus 24 



Placenta 24 



Epidermis 88 
External root sheath 5 ^ 
Eccrine sweat gland 56 
Fetal oral mucosa 62 
Fetal esophagus 62 
Stomach 2 * 6 * 
Fetal Intestine 02 * 
Small intestine 22 - 62 
Colon 22 - 62 
Fetal kidney 62 * 

Fetal proximal tubule 62 
Distal tubule 62 
Fetal collecting duct 62 
Fetal renal pelvis 62 
Fetal ureter 62 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts 22 - 62 
Endocrine cells of Islets 
of Langerhans 22 

Fetal trachea 62 
Fetal bronchioles 62 — 
Bronchioles 6 * 



Fetal ganglion cells 62 



Ovary 12 

Biood vessels 42 



Postnatal oral mucosa 62 
Postnatal esophagus 62 



Kidneys' 64 Glomerulus 62 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting duct 62 
Postnatal renal pelvis 62 
Postnatal fetal ureter 62 
Liver 62 ** 



Pancreatic islets 62 

Postnatal trachea 62 
Postnatal bronchioles 62 

Postnatal alveoli 6 ** 1 
Postnatal brain 62 
Postnatal ganglion cells 62 



Endothelium 62 

Adrenocortical cells 82 
Postnatal thymus 82 
Fibroblasts 62 
Smooth muscle cells 62 
Cardiac muscle cells 62 



This protetn study used Western blots; Iho rest used Immunohistochemical methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies/however, are listed, with the 
caveat that these findings should be confirmed by immunoprecipitation or 
Western or RNA blots. Production of c-erfcB-2 has been identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding c- 
erbh-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erfeB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
- been documented for c-er&B-2. 

Activation of c-erbB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies (Table 8). One abstract* 5 stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial malignancies. Another report 8 * showed that 12 percent of ovarian 
carcinomas had c-€r6B-2 overproduction without amplification. 

Activation of c-erfcB-2 has been identified in 20 percent (40 of 108) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8, c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS* 







c-erbB-2 


oe/oB-2 






mRNA 


Protein 


Tumor Type 


c-eroB-2 DMA 


Over- 


Over- 


Amplification 


production 


production 


Ovary—Carcinoma, not otherwise 


31/120,« 1/11,57 


23/67* 


23/73,12 


specified 


0/6,«* 0/6," 0/3 
0/2* 0/1 «o 


36/72" 


Ovary— serous (papillary) carcinoma 


2^7 t no 1/7,112 o/6* 






fOvary — endometrioid carcinoma- 


0/3 w 






Ovary— mucinous carcinoma 


1/2,"° 0/1* 






Ovary— clear cell carcinoma 


072,"* 0/1 72 






Ovary— mixed epithelial carcinoma 


0/2* 






Ovary— endometrioid borderline tumor 


0/1 72 






Ovary— mucinous borderline tumor 


0/3* 






Ovary— serous cyetadenoma 


0/4* 






Ovary— mucinous cystadenoma 


0/2* 






Ovary— sclerosing stromal tumor 


0/1* 






Ovary— flbrothecoma 


0/1* 






Uterus— endometrial adenocarcinoma 


0/4 « 0/1 "o 







'Shown as number of cases with amplification (or overproductfon)/totai number of cases studied; reference is 
given as superscript. All protein studies used Immunohistochemical methods. 
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totesbnal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation oWfcB-2 has been detected in 2 percent (6 of 
2S1) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-er6B-2 protein in seven of eight tissues fixed in Bouin s solu- 
tion. One study found greater immunohistochemical reactivity for c-eriB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium 
using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive t;arci™^ tended to show decreased immunohistochemical reactivity for c- 
er^B-2 protein." Hepatocellular carcinomas (12 of 14 cases) and cholangiocarci- 
nomas (46 of 63 cases) reacted with antibodies against (MjrfcB-2 in one study, but 
some of these positive" cases showed only difluse cytoplasmic staining, which 



Table 9. WoB-2 activation in human gastrointestinal tumors* 



Tumor Type 



c-ert>B-2 DNA 
Amplification 



c-ercB-2 
Protein 
Over- 
production 



Esophagus— squamous cell carcinoma 
Stomach— carcinoma, poorly differentiated 
Stomach— adenocarcinoma 

Stomach— carcinoma, intestinal or tubular type 
Stomach— carcinoma, diffuse or signet ring cell type 
Colorectum— carcinoma 



Colon— villous adenoma 
Colon — tubulovlllous adenoma 
Colon— tubular kdenoma 
Colon— hyperplastic polyp 
Intestine— lelomyosarcpma 
Hepatocellular carcinoma ~~ * 
Hepatoblastoma 
Cholanglocardnoma 
Pancreas— adenocarcinoma 
Pancreas — acinar carcinoma 
Pancreas— clear cell carcinoma 
Pancreas— large cell carcinoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



0/1 «7 

2/24«2/9W2/8^' 
2/8 « Q/1 "a 

5/10<« 

0/2108 

2/49« 1/45V 1 * 

1/45 1/45 w 

0/40, 81 0/32, w 0/3<* 

0/1W 

0/5*> 

0/7" 

0/1" 

0/1" 



0/1 « 

4/27 » 3/1 0«t 

16/54* 
4/45® 

1/22" 7/022* 



19/19** 
0/1« 

12/14?* 0/2«i 

46/63* 

2/B0,« 1c 0/2*' 

0/1 

0/2« 

0/3< 1 

0/1 « 

0/1 4<*? 



•Shown as number of cases with amplification (or overproducilonyiotat number of cases studied; reference is 
2 mRNA 8UP8rS Pr ° t0in $tUdlG8 "s^ 1 ™™^^^ methods. No studies analyzed (or cenbB- 

Tfssues fixed In Bouin's solution. 

c Only cases with distinct membrane staining are interpreted as showing c-erbB* overproduction. 
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TABLE 10. oerbB'2 ACTIVATION IN HUMAN PULMONARY TUMORS' 



Tumor Typo 


o-erDB-2 DNA 
Amplification 


c-ertjB-2 
Protein 
Overproduction 


Non-small cell carcinoma 
Epidermoid carcinoma 
Adenocarcinoma 
Large cell carcinoma 
Small cell carcinoma 
Carcinoid tumor 


2/60, 75 o/eo 8 ^ 

0/21* 1/13 »0/7," 1 0/7 w 0/3«" 
079«0/6a> 

0/1« 


1/84« 

3/5" 

4/12» 

0/26" 0V3» 
.073* 


■Shown as number of oases with amplification (or overproduction/total number of cases studied' reference 
tf^as^^ 



does not indicate c-erfeB-2 activation in breast neoplasms .« Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto- 
chemical reactivity for c-erfcB-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining." 

Tables HI through 14 summarize the studies of c-er&B-2 activation in other 
neoplasms. The c-cr&B-2 oncogene is not activated in most of these tumors! 
Activation of c-erfcB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report* 
tound c-crfcB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci- 
noma had c-er6B-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-erbB-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion.» Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-erfcB-2 protein, but it is not clear 

TABLE 11. c-erbB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



1 : - ' } 

Tumor Type 


- c*r6B-2 DNA 
Amplification 


c-ertB-2 
mfiNA, 
Ove* 
production 


c-erbB-2 
Protein 
Over- 
production 


! Hematologic malignancies 


0/23 111 






j Malignant lymphoma 


0/9,57 o/3 107 


0/1 1 


0/1 5" 


Acute leukemia 


0/14^7 




Acute lymphoblastic leukemia 


0/1 w 






Acute myeloblasts leukemia 


O/31W 






Chronic leukemia 


0/1 9 s7 






Chronic lymphocytic leukemia 


0/6< 07 






Chronic myelogenous leukemia 


0/8' 07 






Myeloproliferative disorder 


0/1. 67 :. 







_ w.i u 1 ampimcaiion {or overproauctionytotai numbe 

given as superscript. All protein studies used Imrnunohlstochemlcal methods. 
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TABLE 12. c-eroB-2 ACTIVATION IN HUMAN TUMORS OF SOFT TISSUE AND BONE 0 



Tumor Type 



c-ertoB-2 DMA 
Amplification 



Sarcoma 

Malignant fibrous histiocytoma 
Liposarcoma 
Pleomorphic sarcoma 
Rhabdomyosarcoma 
Osteogenic sarcoma 
Chondrosarcoma 
Ewing's sarcoma 
Schwannoma 



0/10,'" 0/8" 
0/1 w 
O/3107 

0/11" 
0/1 w 

0/2,'" 0/2** 

Q/J107 
Q/1 67 

0/1" 



2£?!!1? i^^? a ^ J W,th am P ,Wcatlon «* ovefproducllonVtota'l number of cases studied; reference is 
gfven as superscript No studies analyzed for oertB* mRNA or oe/WW protein. 

whether the protein level is increased over that of normal skin » Thyroid 
carcinomas and adenomas can have low levels of increased e-eriB-2 mRNA 
One abstract described low-level DNA amplification in one of ten 

salivary gland pleomorphic adenomas.** 

Correlation of c-erf>B-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfeB-2 activation in non- 
mammary tumors with outcome. Slamon et al 8 ' showed that c«er&B-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with deer eased survival 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a con-elation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade." One abstract stated that c-erfcB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval.™ Another abstractdescribed^ tendency for immunohisto- 

TABLE 13. c-ert>B-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT" 



Tumor Type 



o-eroB«2 DNA 
Amplification 



c-erbB-2 
mRNA 
Over- 
production 



c-eroB-2 
Protein 
Over- 
production 



1/5," 1/4,'" 0/5* 

ort" 



0/16"* 



Kidney— renal cell carcinoma 
Wilms 1 tumor 

Prostate— adenocarcinoma 
Urinary bladd er— carcinoma 

•Shown as number of cases with amplification (or overproductlon)/lotal number of cases studied- reference Is 
given as superscript. All protein studies used Immunohlstochemical methods. 



0/235S 
1/48* 
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TABLE 14. —MM ACTIVATION IN MISCELLANEOUS HUMAN TUMORS" 



Tumor Type 



c-erbB-2 
DMA 
Amplification 



Skin — malignant melanoma 
Skin, head and neck— squamous 
cell carcinoma 

Site not stated— squamous cell 
carcinoma 

Salivary gland— adenocarcinoma 
Parotid gland— adenoid cystic 
carcinoma 

- Thyroid— anaplastic carcinoma 
Thyroid— papillary carcinoma 
Thyroid— adenocarcinoma 
Thyroid—adenoma 
Neuroblastoma 
Meningioma 



o-erf>B-2 
Protein 

*erfeB-2 mRNA Over- 
Overproduction production 



0/7"» 



1/1* 



0/1 » 
0/5' 
0/1* 
0/2i 

0/35*0/9,^0/1* 
012? 



0/10» 



0/161 



0/11 - - 

3(low levete)/5i 
1(lowlevels)/2* 



t^f for „^ B - 2 P roteln to with higher grades of pros- 

tabc adenocarcinoma." Additional prognostic studies of ovarian Sinomas and 
other neoplasms are needed. 



SUMMARY 

^1^1^ * e c - e r* B - 2 oncogene can occur by amplification of c-eriB-2 
DNA and by overproduction of c-eriB-2 mRNA andlj-erfcB-2 protein. Appro*, 
mately 20. percent of breast carcinomas sho W . evidence of ^»; 2 activation 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c-erfeB-2 activa- 
cnHZl ° ^Z? 10 *™*^ factor f ^ breast carcinoma have reported conflicting 
conclusion . The pathologic and clinical significance of c-erfcB-2 activation in 
other neoplasms is unclear and should be assessed by additional studies 
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I, J. Christopher Grimaldi, declare and say as follows: 

1 . I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist as a single copy. 
Gene under-expression can occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome which displays a different expression 
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu 
[Singleton et ah, Pathol. Annu., 27Ptl: 165-190], or chromosomal translocations such as t(5;14), 
[Grimaldi et al, Blood, 73(8):2081-2085(1989); Meeker et aL, Blood . 76(2):285-289(l 990)] 'give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 1 8 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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I, Paul Polakis, Ph,D., declare and say as follows: , 

1. I was awarded a Ph D. by the Department of Biochemistry of the Michigan 

m 1984 ; My scientific Curriculum Vitae is atteehed to Sf25 
part of this Declaration (Exhibit A). s 

L ,.i^ cwently .^^ 

Scientist Since joining Genentech in 1999, one of my R rimary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large Search nroieS 
wA apnmary focus on identifying tumor cell markers that find use 
both the diagnosis and treatment of cancer in humans. 

3 As part of the Tumor Antigen Project, my laboratory has been analyzing 
difTerential expression of various genes in tumor cells relative to normal cells 

^ e JS e ,r eSea T C ^ iS to Mentify Pr0teins l that m abundantly expressed 
oncertain tumor cells and to are either (i) not expressed, or (ii) expressed at 

' ° n CO f rreSPOnd1 ^ n0imal CdlS - We <*" such differentially expressed 
proteins tumor antigen proteins". When such a tumor antigen protein is 

Sin ' 2? Tl T f UCG m recognizes and binds to that protein. 

Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. * y mUmate,y 

4. In the course of the research conducted by Genentech's TumorAntigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example' TZtVh 
technique is the well known and widely used technique of microarray analyst 
utlt^?^? n ^ extrem ^y refill for the identification of mRNA molecules 
Zr^ dlfferentlal, y u ex P r essed in one tissue or cell type relative to another. In the 
course oi our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' ' 
expressed from these differentially expressed gene transcripts and have used these 
an ibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells We 

cX atalryzed ^ ^ ° f *** " b ° th ^ and normal 

\ Prorn the mRNA and protein expression analyses described in paragraph 4 
above we have observed that there is a strong correlation between changes in the 
level of mRNA present m any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that mcreased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Gain and loss of chromosomal material is characteristic 
of bladder cancer, as well as malignant transformation In 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-Invasive 
and Invasive human bladder tumors using a combination 
Of technology that Included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (5600 genes), and high resolution 
two-dimensional gel electrophoresis/The results showed 
that there is a gene dosage effect that in some cases 
superimposes on other regulatory mechanisms. This ef- 
fect depended (p < 0.015* on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2-fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels Be- 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations to relatively few cases of well focused 
abundant proteins, jj/Vith few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The Implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomlcs 1:$7-45, 2002. 
-ft- 

. Aneuploidy Is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer cell line 
8T474 has suggested that there Is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes In solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2, cyclln d1 t 
em$1, and N-myc (3-5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a low level of c-myc copy number in- 
crease was observed without concomitant c-myc protein 
overexpression (6), 

(n human bladder tumors, karyotyping, fluorescent In situ 
hybridization, and comparative genomic hybridization (CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-Invasive pTa transitional cell carcinomas (TCCs), 
this includes loss of chromosome 9 or parts of It, as well as 
loss of Y in males. In minimally jnvasive pT1 TCCs, the fol- 
lowing alterations have been reported: 2q- f 11p-, 1q+, 
1lq13+, 17q+ , ana* 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains jyery difficult 

In this Investigation weJiave combined gehome-wide tech- 
nology for detecting genomic gains and losses (CGH) with 
gene expression profiling techniques (microarrays and pro- 
teomlcs) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non-Invasive and in- 
vasive human bladder TCCs. 

EXPERIMENTAL PROCEDURES 
Material- Bladder tumor biopsies, were sampled after Informed 
consent was obtained and after removal of tissue for routine pathol- 
ogy examination. By light microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa (superficial papillary), 



1 The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; LOH, loss of heterozygosity; 
PA-FABP. psoriasis-associated fatty acid-binding protein; 2D, 
two-dimensional. 
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Fig. 1 . DNA copy number and mRNA expression level. Shown from left to right are chromosome (Chr ) GGH orofiles am \nratinr* 
expresston level of specific genes, and overall expression level along the chromosome. ^st^K 
compared with the non-Invasive counterpart tumor 335. 0, expression of mRNA In invas ve tum7r 827 Z^L ^ 

the ^ Pr0fi,e presents * ^an of four chromosomes and is surrounded by thin curves indicate 

nmffllftf^h f 20 <rfoW). In chromosomes where the noninvasive tumor 335 used for comparison showed alterations In DNA content therJo 
profile of that chromosome Is shown to the right of the Invasive tumor profile. The colored bars represents one gene each wSeo^bv^ 
th^r^^f ^ (the ndme ° f the 9ene «"**»nat www.MDLDr7sdata.htm0^e CintoSS 

■S^^^^^* 0 * ^ eXPreSSk>n ,eVel ° f me 9606 h ' nvas,ve tumor con ^ with the non£^ 

£w^^ lnd,Cate ,eaSt !* ° f 1hG fleneS ^UP^ulS «**, at least SSff^ 

»^£Z?f (Wue) or more than half of the genes are unchanged orange). If a gene was absent »n*ne of the samples and oresenHri- 
anothe ft was yarded as more than a 2-fold change. A 2-fold level was chosen as this corresponded to one M^SuS£7S!£ 
determination of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis 



grade I and II , respectively, tumors 733 and 827 were staged as pT1 
(Invasive Into submucosa), 733 was staged as solid, and 827 was 
staged as papillary, both grade 111. 

mRNA PreparaVon-TlssuQ biopsies, obtained fresh from surgery, 
were embedded immediately in a sodium-guanidinlum thiocyanate 
solution and stored at -80 °C. Total RNA was Isolated using the 
RNAzol B RNA isolation method (WAK-Chemie MedicaJ GMBH) 
polyCAT RNA was Isolated by an oligofdT) selection step (Ollgotex 
mRNA kit; Qiagen). 

cRNA Preparation-! &g of mRNA was used as starting material. 
The first and second strand cDNA synthesis was performed using the 
Superscript® choice system (Invitrogen) according to the manufac- 
turer's Instructions but using an oligo(dT) primer containing a T7 RNA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAscrip® in vitro transcription kit (Ambion). BiotMabeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy columns (Qiagen). 

Array Hybridization and Scanning— Array hybridization and scan- 
ning was modified from a previous method (13). 10 /*g of cRNA was 
fragmented at 94 °C for 35 mln In buffer containing 40 mM Tris 
acetate, pH 8. 1 , 1 00 mM KOAc, 30 mM MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6x SSPE-T hybridization buffer (1 m NaCl] 
10 mM Tris, pH 7.6, 0.005% Triton), was heated to 95 °C for 5 min 
subsequently cooled to 40 °C, and loaded onto the Affymetrix probe 
array cartridge. The probe array was then incubated for 16 h at 40 °C 
at constant rotation (60 rpm). The. probe array was exposed to 10 
washes in 6x SSPE-T at 25 °C followed by 4 washes in 0.5x SSPE-T 
at 50 *C. The biotinylated cRNA was, stained, with a streptavldin- 
phycoerythrin conjugate, 10 /mg/ml (Molecular Probes) in 6x SSPE-T 
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Fig. 1— continued 



for 30 min at 25 °C followed by 10 washes in 6x SSPE-T at 25 °C. The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microscope (made for Affymetrix by Hewlett-Packard). The readings 
from the quantitative scanning were analyzed by Affymetrix gene 
expression analysis software. 

MicrosateWte Analysis - Microsatellrte Analysis was performed as 
described previously (14). MicrosateHttes were selected by use of 
www.nobLnTm.nm;g6v/genemap98, and primer sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplified by PCR in a volume of 20 ^1 for 35 
cycles. The amplicons were denatured and eiectrophoresed for 3 h in an 
ABI Prism 377. Data were collected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele detected in tumor amplicons compared with blood. 

Proteomic Analysis— TCCs were minced Into small pieces and 
homogenized In a small glass homogenizer in 0.5 ml of lysis solution. 
Samples were stored at -20 °C until use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Coornassle Brilliant Blue. Pro- 
teins were identified by a combination of procedures that included 
microsequenclng, mass spectrometry, two-dimensional gel Western 
immunoblotting, and comparison with the master two-dimensional gei 
Image of human keratinocyte proteins; see blobase.dk/cgi-bin/cefis. 

CGH- Hybridization of differentially labeled tumor and normal DNA 
to normal metaphase chromosomes was performed as described 
previously (10). Fluorescein-labeled tumor DNA (200 ng) t Texas Red- 



labeled reference DNA (200 ng). and human Cot-1 DNA (20 t*g) were 
denatured at 37 «C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 °C for 2 days. After washing, 
the slides were counterstained with 0.15 fig/ml 4,6-tfamldino-2-phe- 
nylindoie In an anti-fade solution. A second hybridization was per- 
formed for ail tumor samples using fluorescein-labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment also included a normal control hybridization using fluores- 
cein- and Texas Red-labeled normal DNA. Digital image analysis was 
used to Identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
green:red fluorescence Intensity ratio profiles were calculated using 
four Images of each chromosome (eight chromosomes total) with 
normalization of the green:red fluorescence intensity ratio for the 
entire metaphase and background correction. Chromosome identifi- 
cation was performed based on 4.6-diamidino-2-phenyllndole band- 
ing patterns. Only Images showing uniform high intensity fluores- 
cence with minimal background staining were analyzed. All 
centromeres, p arms of acrocentric chromosomes, and heterochro- 
matic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybrldlzation~The CGH analysis 
identified a number, of chromosomal gains and losses in the 
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Table I 

Correlation between alterations detected by CQH and by 

Independent variable (if CGH alteration - what expression ratio 
expression alteration - what CGH deviation was found). 



monitoring 
found); bottom, altered expression used. 



CGH alterations 



Tumor 733 Vs. 335 
Expression change clusters 



Concordance 



CGH alterations 



Tumor 827 vs. 532 
Expression change clusters 



Concordance 



13 Gain 



lOLoss 



10 Up-regulatlon 

0 Down-regulation 

3 No change 

1 Up-regulatlon 

5 PowTHregulatlon 

4 No change 



77% 
50% 



10 Gain 
12 Lobs 



8 Up-regulatlon 
0 Down-regulation 

2 No change 

3 Up-regulatlon 

2 Down regulation 
7 No change 



Expression change clusters 



Tumor 733 vs. 335 
CGH alterations 



Concordance Expression change clusters 



Tumor 827 vs. 532 
CGH alterations 



80% 
17% 

Concordance 



16 Up-regulatlon 
21 Down-regulation 
15 No change 



11 Gain 

2 Loss 

3 No change 
1 Gain 

8 Loss 

12 No change 
3 Gain 

3 Loss 

9 No change 



69% 
38% 
60% 



17 Up-regulatlon 
9 Down=-regulation 
21 No change 



10 Gain 

5 Loss 

2 No change 

0 Gain 

3 Loss 

6 No change 

1 Gain 
3 Loss 

17 No change 



59% 
33% 
81% 



two Invasive tumors {stage pT1, TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33~, and and 7+, 9q~, 
and respectively. Both invasive tumors showed changes 
(1q22-24+, 2q14.1-qter-, 3q12-q13.3-. 6q12-q22~, 
9q34+, 11q12-q13+, 17+ f and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as. additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
In the case of TCC 733 and 0,3-fold for TCC 827, The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 In TCC 733 (Fig, 1 A) and 
20q12 in TCC 827 (Fig. 1B). 

mRNA Expression In Relation to DNA Copy Number- The 
mRNyyevels from the two lnvaslvejtymor$JTCX^ 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments In which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter, Ap- 
proximately 1.800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as informative (Fig. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 
Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations In these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
Increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels In the two tumor pairs (Fig. 
1). In most cases, chromosqrnal gains detected by CGH werg 
accompanied by an increased level of transcripts in both 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The inabil^ 
ity to detect RNA expression changes In these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2-fold as the Independent variable and es- 
timated the frequency of CGH alterations In these areas. As 
above, we found that Increased transcript expression corre- 
lated with gain of chromosomal material (TCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected In areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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Fig. 2. Correlation between maximum CGH aberration and the abinty to detect expression change by oligonucleotide array 
monitoring. The aberration is shown as a numerical -fold change in ratio between Invasive tumors 827 (A) and 733 (♦ ) arid their non-invasive 
counterparts 532 and 335. The expression change was taken from the Expression line to the fight In Fig. 1, which depicts the resulting 
expression change for a given chromosomal region. At least half of the mRNAs from a given region have to be either up- or down-regulated 
to be scored as an expression change. Ail chromosomal arms In which the CGH ratio plus or minus one standard deviation was outside the 
ratio value of one were included. 



ation in expression. No alteration was detected. by CGH in. 
most of these areas (TCC 733, 60% and TCC 827, 81%; see 
table I, bottom). Because the ability to observe reduced or 
Increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes,; we plotted the maximum CGH aberrations In the 
regions showing CGH changes against the ability to detect a 
change In mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2)^ For both tumors TCC 733 ip < 0.015) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the array 
based technology "(Fig. 2J; Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction In expres- 
sion level, which is at the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

Microsatetlfte-based Detection of Minor Areas of Loss- 
es—In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 , TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two mlcrosatellltes positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig! 14). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal $aln was because of LOH, 
Implying ttmt one of the mechanism^ for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 11p showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two mlcrosatellltes (D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsln D Indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24, 11p11, 12p12.2, 12q21/l, and 16q24 
and in TCC 827 at chromosome 11p15.5, 12p11, 15q11.2, 
and 18q12 was also examined for chromosomal losses using 
mlcrosatellites positioned as close as possible to the gene loci 
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Fig. 3. Microsatellite analysis of loss of heterozygosity. Tumor 
733 showing loss of heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close to Hu class I histocompatibility antigen (gene 
number 38 In Fig. 1), (6) by D1S2735 close to cathepsln E (gene 
number 41 in Fig. %% and (c) at <Jhrornosome 2p23 tyLD2S225_1,,close 
to general ^spectrin (gene number 11 on Fig. 1) and of (dj tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S1118 
close to mitochondrial 3-oxoacyl-coenzyme A thioiase (gene number 
12 In Fig. 1). The upper curves show the electropherogram obtained 
from normal DNA from leukocytes (A/), and the tower curves show the 
electropherogram from tumor DNA (T). In all cases one allele is 
partially lost in the tumor ampllcon. 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes In the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels - 
2D-PAGE analysis, In combination with Coomassle Brilliant 
Blue and/or silver staining, was carried out on all four tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating In areas away from the edges of the pH 
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Fig. 4. Correlation between protein levels as Judged by 2D* 
PAGE and transcript ratio. For comparison proteins were divided In 
three groups, unaltered In level or up- or down-regulated {horizontal 
axis). The mRNA ratio as determined by oligonucleotide arrays was 
plotted for each gene (vertical axis). A, mRNAs that were scored as 
present In both tumors used for the ratio calculation; A, mRNAs that 
were scored as absent in the Invasive tumors (along horizontal axis) or 
as absent in non-invasive reference (top of figure). Two different 
scalings were used to exclude scaling as a confounder, TCCs 827 
and 532 (AA) were scaled with background suppression, and TCCs 
733 and 335 (#0) were scaled without suppressloa Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
between the groups. Proteins shown were as follows: Group A (from 
fefl), phosphoglucomutase 1, glutathione transferase class jl number 
4, fatty acid-binding protein homologue. cytokeratin 15, and cyto- 
keratin 13; B (from left), fatty acld-blnding protein homologue, 28-kDa 
heat shock protein, cytokeratin 13. and calcyclin; C<from left), <r-eno- 
lase, hnRNP B1, 28-kDa heat shock protein, 14-3-3-e. and 
pre-mRNA splicing factor, 0, mesothelial keratin K7 (type II); £ (from 
top), glutathione S-transferase-tr and mesothelial keratin K7 (type II); 
F(from top and left), adenyiyl cyciase-associated protein, E-cadherin, 
keratin 19, calgizzarln, phosphoglycerate mutase, annexin IV, cy- 
toskeletal y-actln, hnRNP At, integral membrane protein calnexin 
(IP90). hnRNP H, brain-type ciathrin Ught chain-a, hnRNP F t 70~kDa 
heat shock protein, heterogeneous nuclear nbonucleoprotein AAB, 
translationally controlled tumor protein, liver glyceraldehyde-3-phos- 
phate dehydrogenase, keratin 8, aldehyde reductase, and Na,K- 
ATPase 0-1 subunit; G, (from top and lef§, TCP20, calgizzarln, 70- 
kDa heat shock protein, calnexin, hnRNf> H, cytokeratin 15, ATP 
synthase, keratin 1 9, triosephosphate isomerase, hnRNP F, liver glyc- 
eraldehyde-3-phosphatase dehydrogenase, glutathione S-transfer- 
ase-w, and keratin 8; H (from left), plasma gelsdiin, autdantigen cal- 
reticulin, thioredoxin, and NAD+ -dependent 15 hydroxyprostaglandin 
dehydrogenase; / (from top), prolyl 4-hydroxylase 0-subuntt, cyto- 
keratin 20, cytokeratin 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin II; K, annexin IV; L (from top and left), 90-kDa heat 
shock protein, prolyl 4-hydroxylase 0-subunit, a-enolase, GRP 78, 
cyclophilin, and cofilin. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
Identified by a combination of methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation {p < 0.005) between mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a know chromosomal 
location wens detected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Rg. 4). For example, PA-FABP was highly ex- 
pressed In the non-Invasive TCC 335 but lost In the invasive 
counterpart (TCC 733; see Rg. 5). The smaller number of 
proteins detected in both 733 and 335 Was because of the 
smaller size of the biopsies that were available. 

11 chromosomal regions where CGH showed aberrations 
that corresponded to the changes in transcript levels also 
showed corresponding changes in the protein level (Table II). 
These regions Included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20, annexins II and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes In chromosome 17q, a fre- 
quently amplified chromosomal area in invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of non-invasive 
and Invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there Is a clear individual regulation of the 
mRNA expression of single genes, Which in some cases was 
superimposed by a DNA copy number effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases, how- 
*• " ' - a 

Table II 

Proteins whose expression ievet correlates with both mRNA and gene dose changes 



Protein Chromosomal location Tumor TCC CGH alteration Transcript alteration" Protein alteration 



Annexin II 


1q21 


733 


Gain 


Abs to Pres 0 


Increase 


Annexin IV 


2p13 


733 


Gain 


3.9-Fold up 


Increase 


Cytokeratln 17 


17q12-q21 


827 


Gain 


3.8-Fold up 


Increase 


Cytokeratin 20 


17q21.1 


827 


Gain 


5.6-Fold up 


Increase 


(PA-)FABP 


8q21.2 


827 


Loss 


10-Fold down 


Decrease 


FBP1 


9q22 


827 


Gain 


2.3-Fold up 


Increase 


Plasma gelsolin 


9q31 


827 


Gain 


Abs to Pres 


Increase 


Heat shock protein 28 


15q12-q13 


827 


Loss 


2,5-Fo!d up 


Decrease 


Prohibltin 


17q21 


827/733 


Gain 


3,7-/2.5-Fold up 6 


Increase 


Prolyl-4-hydroxyl 


17q25 


827/733 


Gain * 


5.7-/1 .6-Fold up 


Increase 


hnRNPBt 


7p15 


827 


Loss 


2.5-Fold down 


Decrease 



8 Abs, absent; Pres, present. 

b In cases where the corresponding alterations were found in both TCCs 827 and 733 these are shown as 827/733. 




Fig. 5. Comparison of protein and transcript levels In invasive 
and non-Invasive TCCs, The upper part of the figure shows a 2D gel 
(tefl) and the oligonucleotide array {fight} of TCC 532. The reef rectan- 
gles on the upper gel highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below. 
Clearly, cytokeratins 13 and 15 are strongly down-regulated In TCC 
827 (red annotation). The tile on the array containing probes for 
cytokeratin 15 is enlarged below the array {fed arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
corresponds to perfect match probes; the tower row corresponds to 
mismatch probes containing a mutation (used for correction for un- 
speciflc binding). Absence of signal Is depicted as biack, and the 
higher the signal the fighter the color. A high transcript level was 
detected fn TCC 532 (6151 units) whereas a much lower level was 
detected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present in TCC 532 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the bottom of the figure (Jeff) show levels of PA-FABP and adipocyte- 
FABP In TCCs 335 and 733 (invasive), respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP transcripL A medium transcript level was de- 
tected In the case of TCC 335 (1277 units) whereas very low leveis 
were detected In TCC 733 (166 units). i£F. Isoelectric focusing. , 
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ever, an increase or decrease in DNA copy number was 
associated with de novo occurrence or complete loss of tran- 
script, respectively. Some of these transcripts could not be 
. detected In the non-invasive tumor but were present at rela- 
tively high levels in areas with DNA amplifications in the inva- 
sive tumors (e.g„ In TCC 733 transcript from cellular ligand of 
annexin 11 gene (chromosome 1q21) from absent to 2670 
arbitrary Units; in TCC 627 transcript from small proline-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gain of chromosomal material In this area. 

Considering the many possible regulatory mechariisrns act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie In the toss of controlled 
methylation In tumor cells (17-19). Thus, it may be possible 
that in chromosomes with increased DNA copy numbers two 
. or more alleles could be demethyiated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
iosses the remaining allele could be partly methylated, turning 
off the process (20, 21). A recent repot has documented a 
ploidy regulation of gene expression in yeast, but in this case ail 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show martoed 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors. In pTa tumors, these include 9p- t 9q~, 1q+, Y- 
(2, 6), and<in-pT1 tumors, 2q-,11p- f 11q- f 1q+ , 5p-f, 8q+, 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and respectively. Likewise, the two minimal invasive 
pT1 tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern ofJosses and gains, such as 1q2g^24 
amplification (seen in both tumors), 1 1q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed In many tumors, and 
therefore the findings could be of general Importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases It is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers. Analysis of these regions 
by positioning heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA mlcroarrays for analysis of DMA 
copy number changes will reach a resolution that can reaotve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has 
an Impact on the expression level in norma) cells and is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very dose, and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, mRNA. and protein levels 
showed a striking correspondence although in some cases 
we found discrepancies that may be attributed to translational 
regulation, post-translatlonal processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertranslated mRNA pools, which are associated with few 
transiationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very Important in the case of polypeptides with a short 
half-life {e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D-PAGE (25), and a moderate correla- 
tion was recently reported by Ideker etal. (26) In yeast. 

interestingly, our study revealed a much better correlation 
between gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript. One possible 
explanation could be that by losing one allele the change In 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold increase In gene copy number resulting In a much 
higher Impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2 -fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may In the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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■ In eleven cases we found a significant correlation between 
DMA copy number, mRNA expression, and protein leveLFour 
of these proteins were encoded by genes located at a fre- 
quently amplified area in chromosome 17q. Whether DNA 
copy number Is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring Immunoidentiflcation and/or mass spectrometry to 
correctly Identify the proteins in the gels. 

In conclusion, the results presented In this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid-mapped genes will increase the resolution and informa- 
tion deriv&f from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis to obtain Information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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ABSTRACT* 

Genetic changes underlie tumor progression and may lead to cancer- 
specific expression of critical genes. Over 1100 publications have de-. 
; scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations in cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA microarrays in breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantitate the Impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 Independent amplicons, ranging In size from (U to 12 
Mb, Throughout the genome, both high- and low-level copy number 
changes bad a substantial Impact on gene expression, with 44% of the 
highly amplified genes showing overexpression and 10.5% of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplification. These 
fncloded most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the HOXB7 gene, 
the presence of which in a novel amplicon at 17q2iJ was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpression is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limitedr^ ** 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets , for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, oyer 
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Fig. 1 Impact of gene copy number on global gene expression levels. A, percentage of 
over- and underexpressed^enes (Y axis) according to ropy .rmmb^ratios CX axb) 
Threshold values used for over- and underexpression were >2.184 (giobal upper 7% of 
the cDNA ratios) and <0.4826 (global lower 7% of the expression ratios). 5 percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were > 1.5 and <0.7. 



20. recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10). However, these amplicons are often 
large and poorly defined, and their impact oh gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that , are attributable to underlying gene copy 
number alterations would highlight transcripts that are. actively in- 
volved in the causation or maintenance of . the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays. to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes, whose mRNA expres- 
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3 The abbreviations used arc: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybndizauon; RT-PCR, reverse transcription-PCR. . 
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,in?^?T V C0Py H?*? CXprcS *T ana| y 818 m MCF ^ breast canCCT «« »ne. ,4, chromosomal CGH analysis of MCF-7. The copy number ratio profile (blue 
line) across the entire genome from lp telomere to Xq telomere is shown along with ±1 SD {orange Unes\ The black horizontal line indicates. a ratio of 1.0; red line, a ratio of 0 8: 
!5rtf*Si? V . 5' ^ 8enome-wide copy number analysis in MCF-7 by CGH on cDNA microarray. The copy number ratios were plotted as a function of the position 
!LT n f^ ^^t^^TilTJ**' indivldual ^ "* COImecled with a line, and a moving median of 10 adjacent clones is shown. Red horizontal line, the 
Ef^TST Tl ■ * «^v,dual date pouits arc labeled by color coding according to cDNA expression ratios. The bright red dots indicate the upper 2%, and dark red dots 

Tl^t^A ^JTr^Z W k MCF ^ ^verexpfessed genes); bright green dots indicate the lowest 2%, and dor* green dots, the next 5% of the expression ratios" 
ndi^wtT f TcJ W observations are shown with Warf crosses. The chromosome numbers arejshown at the bottom of me figure, and chromosome boundaries are 



sibn is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND METHODS 

Breast Cancer Cell Lines. Fourteen breast cancer cell lines (BT-20, BT- 
474,HCC1428, Hs578t, MCF7, MDA-361, MDA-436, MDA-453, MDA-468, 
SKBR-3, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Microarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (1 1-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known* 
genes. CGH experiments on cDNA mjcroarrays were done as described (14, 
15), Briefly, 20 fig of genomic DNA from breast cancer cell lines and normal 
human WBQs were digested for 14-18 h with Alul and Rsal (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phenol/chloroform extraction. Six 
fig of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5*dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, inc.). Hybridization (14, 15) and 
posthybrjdization washes (13) were done as. described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty pig of reference RNA were 
labeled with Cy3-dUTP and 3.5 fig of test. mRNA with Cy5.-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target . 
locations using the DEARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For. 
the copy number analysis, the ratios were normalized On the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis oif 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (i.e., copy.number data with mean reference 
intensity <100 fluorescent units, and expression data with both test and 
reference intensity <100 fluorescent units and/or with spot size <50 units) 



were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define outpoints for increased/ 
decreased copy number. Genes with CGH ratio >1.43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0:73 (rerjresenting the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alterations on gene expression, we. applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across aD 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, >1.43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signal-to-noise 
statistics (1). We calculated a weight, w r for each gene as^ollpws: 

_ mg, - mgo 

where m glt <r gX and o^ denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To . assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cDN A Clones and Amplicon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 14.1. 6 A database of genomic sequence alignment information 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldenPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these date 
sets, Amplicons were defined as a CGH copy number ratio >5.0 m at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



6 Internet address: http://research.nhgri.oih.gov/ra^ 

7 Internet address: www.genorae.ucsc.edu. 
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Tabic I Summary of independent amplicons tn U breast cancer cell tines by 
CGH microarray 



Location 



Start (Mb) 



Ipl3 
lq21 
lq22 
3pl4 

7pl2.1-7plU 

7q3l 

7q32 

8q21.U-8q21.13 
8q21.3 

8q23.3-«q24.14 

8q24.22 

9pl3 

13q22-q31 

16q22 

I7qll 

17ql2-q21.2 

I7q21.32-q21.33 

17q22-q23.3 

17q233-^24.3 

19ql3 

20qlJ.22 

20ql3.12 

20ql3.12-ql3.13 

20ql3.2-ql3.32 



End (Mb) 



Size (Mb) 



132.79 
173.92 
179.28 
71.94 
55.62 
125.73 
140.01 
86.45 
98.45 
129.88 
151.21 
38.65 
77.15 
86.70 
29.30 
39.79 
52.47 
63.81 
69.93 
40.63 
.34.59 
44.00 
46.45 
51.32 



132.94 
177.25 
179.57 
74.66. 
60.95 
130.96 
140.68 
92.46 
103.05 
142.15 
15Z16 
39.25 
8138 
87.62 
30.85 
. 42.80 
55.80 
69.70 
74.99 
41.40 
35.85 
45.62 
49.43 
59.12 



.0.2 
34 
03 
2.7 
53 
5.2 
0.7 
6.0 
4.6 
12.3 
1.0 
0.6 
42 
0.9 
1.6 
3.0 
3.3 
5.9 
5.1 
0.8 
1.3 
1.6 
3.0 
. 7.8 



extended to include neighboring nonamplified clones (ratio, <1.5). The am- 
plicon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpectrumOrange (Vysis, Downers Grove, IL), and Spectrum- 
Orangerlabeled probe for EGFR was obtained from Vysis. SpectnimGreen- 
labeled chromosome 7 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
. (18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of. test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 
and the log-rank test. 

KT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promega Corp., Madison, WI) with 10 ng of mRNA 
as a template. HOXB7 primers were 5 '-OAGCAG AGGG ACTCGG ACTT-3 ' 
and 5'-GCGTCAGGTAGCGATTGTAG-3\ 



RESULTS 



CGH were validated, with lq21, 17ql2-q2L2i 17q22-q23, 20ql3.l, 
and 20ql3.2 regions being most commonly amplified. Furthermore' 
the boundaries of these amplicons were precisely delineated. In ad- 
dition, novel amplicons swere identified at 9pl3 (38.65-39.25 Mb) 
and 17q213 (52.47-55,80 Mb). • 
Direct Identification of Putative Amplification target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lpl3, 17q22^q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 1 in the MDA-468 cell line 
implicates EGFR as. the most highly overexpressed and amplified 
gene at 7pll-pl2 (Fig. MY In BT-474, the two known amplicons 
at 17ql2. and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3B). In addition, several genes,, including the 
homeobox genes HOXB2 mdHOXB7 9 were highly amplified in a 
. previously undescribed independent amplicon. at 17a2i.3. HOXB7 
was systematically amplified (as validated by. FISH, Fig. IB, inset) 
as well as overexpressed (as verified by RT-PCR, data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthermore, this novel 
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Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH microarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e., belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed, increased copy number (Fig. IB). Low-level copy number 
increases and decreases were also associated, with similar, although 
less dramatic, outcomes on gene expression (Fig. 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to- 12 Mb of DNA (Table 
I). Several amplification sites detected previously by chromosomal 
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Fig. 3. Annotation of gene expression data on CGH microarray profiles. A, genes in the 
7pH -pi 2 amplicon in the MDA-468 cell line are highly expressed (red dots) and include 
the EGFR oncogene. B. several genes in the 17ql2, 17q21.3, and I7q23 amplicons in the 
BT-474 breast cancer cell line are highly overexpressed (red) and include the HOXB7 
gene. The data labels and color coding are as indicated for Fig. 2C. Insets sho^ 
chromosomal CGH profiles for the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR (red) and chromosome 7 
centromere probe (green) to MDA-468 (A) and tf0AB7-specific probe (red) and chro- 
mosome 17 centromere (green) to BT-474 cells (B). 
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Fig, 4, Lijt of 50 genes with a statistically 
significant correlation (a value <a05) between 
g*ae copy number and gene expression. Name, 
cluomosomal location, and the a value for each 
.gcxwsre indicated. The Bene* have been entered 
accordmg to their position in the genome. The color 
soaps on the right illustrate the copy number and 
expression ratio patterns in the M cell lines. The 
key to the color code is shown at the bottom of the 
f^HrSS ysquareT - values. The complete 

!«st of 270 genes Is shown in supplemental Fig B 
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amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients \P = oiOOl) 

Statistics! Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of all genes as a function of gene amplification identified 
* genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
rag to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
WT aSsociated wnc 'io»al information available. Of these, 151 
(84/.) are implicated in apoptosis, cell proliferation, signal transduc- 
bon, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



' tnicmet address: httptfwww.geneoniology.orgA 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
charactenzed in >1000 publications applying CGH' (9, 10) as well 
as in a large number of other molecular cytogenetic, cytogenetic and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown 
although a few studies have explored gene expression changes occur- 
nng m specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
m breast cancer. 

The overall impact of copy numberon gene expression patterns was 
substantial with the most dramatic effects seen in the case of bigh- 
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numter iiK^c. Low-level copy number gains and losses between HOXB7 amplification and poor patient prognosis rw „ 
also had a sigmficant influence on expression levels of cenes m the m,r fli™^A_, n i pr0gD0Sls ; Overall, 



also had a sigmficant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally hnportant if not more ing>ortant than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 
model system (22-24)^ 

The CGH microarray analysis identified 24 independent breast 
cancer arriplicons. We defined die precise boundaries for, many am- 
plfcons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger arnplicons. One of these novel amplicons 
involved the homeobox gene region at 17q21.3 and led to the over- 
expression of the HOJ037 and HOXB2 genes. The homeodomain 
transcription factors are' known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 trarisfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
tumorigenicity and angiogenesis in breast cancer (29-32). the pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7. contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
: of the patients. . 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes pn the array), including not only 
previously , described amplified genes, such as HER-2, MYC, 
EGFR, ribosomal protein s6 kinase, and AIB3, but also numerous 
novel genes such as NRAS^related gene (lpl3), syndecan-2 (8q22), 
imd bone morphogeny protein (20ql3.1), whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270. gene! have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 
. In summary, we. demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once' every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map . of 24. independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the ovefexpression of which was statistically attributable to 
gene amplification. Characterization of a novel amplicon at 
17q21.3 implicated amplification and oyerexpression of the 
HOXB7 gene in breast cancer, including a clinical association 
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our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as weU as to prioritize and 
validate putative ; targets for therapy development 
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Microarray analysis reveals a major direct role of 
DNA copy number alteration in the transcriptional 
program of human breast tumors 

Comprehensive Cancer Center, UM^^ Norway; and department of Genetics and Uneberger 

Contributed by Patrick 0. Brown, August 6, 2002 



Genomic DNA copy number alterations are key genetic events In 
the development and progression of human cancers. Here we 
report a genome-wide microarray comparative genomic hybrid- 
ization (array CGH) analysis of DNA copy number variation In 
a series of primary human breast tumors. We have profiled DNA 
copy ^number alteration across 6.691 mapped human genes. In 44 
predominantly advanced, primary breast tumors and 10 breast 
cancer cell lines. White the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of amplicon boundaries and 

^r ant ^ e i™ ly$U of am P |kon ^P* Provide significant 
Improvement In the localization of candidate oncogenes. Parallel 
microarray measurements of mRNA levels reveal the remarkable 
degree to which variation in gene copy number contributes to 
variation In gene expression in tumor cells. Specifically, we find 
that Gl% of highly amplified genes show moderately or highly 
fifeyated expression, that MMxmt-jm^^ w - 
prewl ori acrojs a w|dfl m ^ of om ^ number a tt erations 

a 2-fold change in DNA copy number Is associated with a corre- 
sponding 1 5-foW change In mRNA levels, and that overall, at least 
12% of all the variation In gene expression among the breast 
tumors is directly attributable to underlying variation in gene copy 
number. These findings provide evidence that widespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer, 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1), have led to the identifi- 
cation of a number of recurrent regions of DNA copy number 
alteration in breast cancer celklines and tumors (2-4). While 
some of tJhese regions contain known or candidate oncogenes 
ft#*'i£ OFR I «P"X MYC (*I24). CCND1 (ilql 3 ), ERBB2 

ff&)i\*™s W J% 7 (20ql3 >J and tuJnor ^PP^or genes 
(RBI <13qt4) and TP53 (17pl3)] t the relevant gene(s) within 
other regions (e*. gain of lq, 8q22, and 17q22-24, and loss of 
8p) remain to be identified. A high-resolution genome-wide 
map, delineating the boundaries of DNA copy number alter- 
ations m tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, usinc 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors, 

An unresolved question is the extent to which the widespread 
UNA copy number changes that we and others have identified 
in breast tumors alter expression of genes within involved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays, wc had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 



this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs of breast tumors. ¥ 

Materials and Methods 

Tumors and Cell Unes. Primary breast tumors were predominant!? 
large (>3 cm), intermediate-grade, infiltrating ductal carcino- 
mas; with more than * W% ^eing lymph node positive. The 
fraction of tumor cells within specimens averaged at least 50% 
Details of individual tumors have been published (8, 9Y and 
are summarized in Table 1, which is published as supporting 
information on the PNAS web site, www;pnas.org. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform extraction 
followed by ethanol precipitation. 

ONA labeling and Microarray Hybridizations. Genomic DNA label- 
ing and hybridizations were performed essentially as described 

* BS?* * 'fl { V* with * ,ight modi fications. Two micrograms 
of DNA was labeled in a total volume of 50 microliters and the 
volumes of all reagents were adjusted accordingly. 'Test" DNA 
(from tumors and cell lines) was f iuorescently labeled (Cy5) and 
hybridized to a human cDNA microarray containing 6 691 
different mapped human genes (i.e., UniGene clusters). The 

'reference- (labeled with Cy3) for each hybridization was nor- 
mal female leukocyte DNA from a single donor. The fabrication 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arrays were scanned 
on a GenePix^canner (Axon Instruments, Foster City, CA), and 
fluorescence ratios (test/reference) calculated using scanalyze 
software (available at http://rana.lbl.gov). Fluorescence ratios 
were normalized for each array by setting the average log 
fluorescence ratio for all array elements equal to 0. Measure- 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable. DNA copy number profiles 
that deviated significantly from background ratios measured in 
normal genomic DNA controi hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy number profiles are 
displayed as a moving average (symmetric 5-nearest neighbors) 
Map positions for arrayed human cDNAs were assigned by 



Abbreviation: CGH comparative genomk hybridization. 
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identifying the starting position of the best and longest match of 
any DNA sequence represented in the corresponding UniGene 
cluster (10) against the "Golden Path" genome assembly 
(http://genome.ucsc.edu/; Oct 7, 2000 Freeze). For UniGene 
clusters represented by mulup^arrgyed elements, mean fluo* 
resoence ratios (for all elements representing the same UniGene 
cluster) are reported. For mRNA measurements, fluorescence 
ratios are "mean-centered" (Le., reported relative to the mean 
ratio across the 44 tumor samples). The data set described here 
can be accessed in its entirety in the supporting information. 

Results 

We performed CGH on 44 predominantly locally advanced, 
primary breast tumors and 10 breast cancer cell lines, using 
cDNA microarrays containing 6,691 different mapped human 
genes (Fig. 1a; also see Materials and Methods for details of 
microarray hybridizations). To take full advantage of the im- 
proved spatial resolution of array CGH, we ordered (fluores- 
cence ratios for) the 6,691 cDNAs according to the "Golden 
Path" (http://genome.ucsc.edu/) genome assembly of the draft 
human genome sequences (11). In so doing, arrayed cDNAs not 
only themselves represent genes of potential interest (e.g., 
candidate oncogenes within amplicons), but also provide precise 
genetic landmarks for chromosomal regions of amplification and 



deletion. Parallel analysis of DNA from cell lines containing 
different numbers of X chromosomes (Fig. 16), as we did before 
(7), demonstrated the sensitivity of our method to detect single* 
copy loss (45, XO), and 1.5- (47,XXX), 2- (4fc\XXXX), or 
2.5-fold (49,XXXXX) gains (also see Fig. 5, which is published 
as supporting information on the PNAS web site). Fluorescence 
ratios were linearly proportional to copy number ratios, which 
were slightly underestimated, in agreement with previous ob- 
servations (7). Numerous DNA copy number alterations were 
evident in both the breast cancer cell lines and primary tumors 
(Fig. la), detected in the tumors despite the presence of euploid 
non-tumor ceil types; the magnitudes of the observed changes 
were generally lower in the tumor samples. DNA copy-number 
alterations were found in every cancer cell line and tumor, and 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and loss were readily iden- 
tifiable. For example, gains within Iq, 8q, 17q, and 20q were 
observed in a high proportion of breast cancer cell lines/tumors 
(90%/69%, 100%/47%, 100%/60%, and 90%/44%, respective- 
ly), as were Josses within lp, 3p, 8p, and j3q (80%/24%, 
80%/22%, 80%/22%, and 70%/18%, respectively), consistent 
with published cytogenetic studies (refe. 2-4; a complete listing 
of gains/losses is provided in Tables 2 and 3, which are published 
as supporting information on the PNAS web site). The total 
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number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P = 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P = 0.04), and harboring TP53 mutations (P = 
0.0006) (see Table 4, which is published as supporting informa- 
tion on the PNAS web site). 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 24i genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterized oncogene (Fig. 2a). The complexity of amplicbn 
structure is most easily appreciated in the breast cancer cell line 
SKBR3; Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 



boundaries of the interval recurrendy amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively), and a subset of arrayed genes (6,095), mRNA 
levels were quantitatively measured in parallel oy using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number changes. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within an ampli- 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor representations 
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fig. 3, Concordance between DNA copy number and gene expression across chromosome 17. ONA copy number alteration (Upper) and mRNA levels (tower) 
are Illustrated ior breast cancer cell lines and tumors. Breast cancer cell Imes and tumors are separately ordered by hierarchical clustering (Upper)/ and the 
identical sample order is maintained {Lower). The 354 genes present on the microarrays and mapping to chromosome 1 7, and for which both DNA copy number 
and mRNA levels were determined, are ordered by position along the chromosome; selected genes are Indicated In color-coded text (see Fig. 2 legend). 
Fluorescence ratios (test/reference) are depicted by separate log 2 pseudocolor scales (Indicated). 



of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overajl patterns of gene amplification and 
elevated gene expression are quite concordant; Le^ a significant 
fractioli of highly amplified genes appear to be^orrespondingly 
highly expressed' The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4,' and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5, which 
is published as supporting information on the PNAS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4), 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig, 4a). For both the 
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breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five classes, in a 
statistically significant fashion {P values for pair-wise Student's 
/ tests comparing adjacent classes: cell lines, 4 x 10* 4 * 1 X 10~ 49 , 
5 X iflh 5 , 1 X 10~ f ; tumors, 1 X iO" 43 , 1*X uH»* 5 X lO^ 41 , 
1 X 1(H). A linear regression of the average log(DNA copy 
number), for each class, against average log(mRNA level) 
demonstrated that on average, a 2-fold change in DNA copy 
number was accompanied by 1,4- and 1 ^-fold changes in mRNA 
level for the breast cancer cell lines and tumors, respectively (Fig, 
4a, regression line not shown). Second, we characterized the 
distribution of the 6,095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 4b), 
The distribution of correlations forms a normal-shaped curve, 
but with the peak markedly shifted in the positive direction from 
zero, this shift is statistically significant, as evidenced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
gene expression. Notably, the highest correlations between DNA 
copy number and mRNA level (the right tail of the distribution 
in Fig. 4b) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 
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Rg. 4. <3enorne-wide influence of DNA copy number alterations on mRNA levels, (a) For breast cancer cell lines (gray) and tumor samples (black), both 
mean-centered mRNA fluorescence ratio (log* scale) quartiles <box plots Indicate 25th, 50th, and 75th percentile) and averages (diamonds; V-value error bars 
Indicate standard errors of the mean) are plotted for each of five classes of genes, representing ONA deletion (tumor/normal ratio < 0.8), no change (0.8-1.2), 
low- (1.2*2). medium- (2-4). and high-level (>4) amplification. P values for pair-wise Student's t tests, comparing averages between adjacent classes (moving 
lefttoright),are4 x io^ J , 1 x io~« 5 x 10-*, 1 x 10-*(c*N tones), and I x 10^" 1 x 10~«* 5 X lO^M x 10~« (tumors). (p> Distribution of correlations between 
DNA copy number and mRNAlevels, fore.095 different human genes across 37 breast tumor samples, (c) Plot of observed versus expected correlation coefficients. 
The expected values were obtained by randomization of the sample labels m the DNA copy number d ata set The line of unity Is Indicated, (d) Percent variance 
w gene expression (among tumors) directly explained by variation in gene copy number. Percent variance explained, (blade line) and fraction of data retained 
(gray line) are plotted for different fluorescence intensity/background (a rough surrogate for signal/noise) cutoff values. Fraction of data retained Is relative 
to the 1.2 intensity/background cutoff. Details of the linear regression model used to estimate the fraction of variation in gene expression attributable to 
underlying DNA copy number alteration can be found In the supporting Information (see Estimating the Fraction of Variation in Gene Expression Attributable 
to Underlying DNA Copy Number Alteration). 
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tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. 4d), We can reduce the effects of experimental 
measurement error on this estimate byjusifl£oaly lhat fraction 
of the data most reliably measured "(fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. 4#). This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a series of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 



cell lines and tumors. Although the DNAmicroarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we are likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression/we believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of —6,100 genes).. 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer cells. In 
agreement with our findings, Phillips et ai (14) have shown that 
with the acquisition of tumorigenicity in an immortalized pros- 
tate epithelial cell line, new chromosomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platzer et ai (15) recently reported that in metastatic 
colon tumors only —4% of genes within amplified regions were 
found more highly (> 2-fold) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our finding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fold increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et al (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally, their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-coraplexity amplicons, effectively overcalling re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large, pervasive and direct effect on global gene expression 
patterns hi breast cancer has several important implications, 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
tgenesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of bigh-resolutionfnapping of amplf^ 
con boundaries and shape (to identify the "driving** gene(s) 
within amplicons (16)], on a large number of samples,ln addition 
to functional studies. Fourth, this finding suggests that analyzing 

1. KallioniemL A, KaHioniemi, O, P n Sudar, D„ Rutoviiz, D.. Gray, J. W„ 
Waldman, F. & Pinkel, D. (1992) Science 258. 818-821. 

2. Kalfcwtemi, A., Kallioniemi, O. P„ Piper, J„ Tanner, Stokke, T., Chen, 1-, 
Smith, H. S., PinkeL D., Gray, J. W. & Waldman, F. ML (1994) Proc Natl Acad. 
SeLUSA*l,J2l56-2m. 

3- Tirkkoaen, M, fanner, M.,JCarhu, R., KallioniemL A-, Isola, 1. & Kallionieim, 
O- P. (199$) Genes Chromosomes Cancer 21, 177-184. 

4. Forozan, R, MablamakL E. JFt, Monni, O., Chen, Y M Veldman, R„ Jiang, Y., 
Goodcn, G. C, Ethicr, S, P., KallioniemL A. & Kallioniemi, O. P. (2000) Cancer 
Res. «G,V4S19-4525. 

5. Sounas-Toldo, Larapel, S., StUgeabauer, S., Nickblenko, J., Benner, A, Dohner, 
a, Crcmcr, f . & Lknter, P. (1997) Genes Chromosomes Cancer 20, 399-407. 

6. PinkeL D^ Segraves, R„ Sudar, D„ Clark, S., Poole, L, Kowbel, D„ Collins, C, 
Kuo, W. L, Chen, C, Zhai, Y., et al. (1998) Nat. Genet. 20, 207-211. 

7. Pollack, J. R„ Pcrou, C M., Alizadob, A. A., Eisen, M. B., Pergamenscbikov, 
A, Waiiams, C F M Jeffrey, S. $., Botstcin, D. & Brown, P. O. (1999) Nat. Genet. 
fi, 41-46. 

8. Perou, C M., Sorlie, T„ Eisen, M , B., van dp Rijn, ML, Jeffrey, S. S„ Rees, C A., 
Pollack, J. Ross, D. T.. Johnsen, HL, Akslen, L. A., et ai (2000) Nature 
(London) 405, 747-751 

9. Sortie, T„ Perou, C M, TibshlranL IC, Aas, T., Geisler, S„ Johnsen, H., Hastie, 



the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and by extension, the heterogeneity in clinical 
behavior) among patients' tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, this rinding supports 
a possible role for widespread DNA copy number alteration in 
tumorigenesis.(17, 18), beyond the amplification of specific 
oncogenes. and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stochiometric relationships in cell metabolism and physiology 
(e.g., proteosome, mitotic spindle), possibly promoting further 
chromosomal instability and directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression in cancer. 

We thank the many members of the P.O.B. and D.B. labs for helpful 
discussions. J.R.P. was a Howard Hughes Medical Institute Physician 
Postdoctoral jPellow during a portion of this work. P.O.B.-%,a Howard 
Hughes Medical Institute Associate Investigator. *This work was 
supported by grants from the National Institutes of Health, the Howard 
Hughes Medical Institute, the Norwegian Cancer Society, and the 
Norwegian Research Council. 



T„ Eisen, M. B., van de Rijn, M., Jeffrey, S. S„ et at. (2001) Proc Natl. Acad, 
Set. USA 98, 10869-10874. 
tO. Schulcr, G. D. (1997) / Mot. Med. 75, 694-698. 

II. Lander, E. S., Unton, U M., Birren, B., Nusbaum, C, Zody, M. G, Baldwin, 
K Devon, 1C, Dcwar, K^ Doyle, M. t FitzHugh, W., et al (2001) Nature 
(London) 409, 860-921. 

12: Fejzo, M. S., Godfrey, T„ Chen, G, Waldman, F. & Gray, 1. W. (1998) Genes 
Chromosomes Cancer 22, 105-113. 

13. Hughes, T. R, Roberts, C. J., Dai, H„ Jones, A. R., Meyer, M. R M Slade, D., 
Burchard, J„ Dow, S. t Ward, T. R., Kidd, M. J„ et al. (2000) Nau Genet. 25, 
333-337. 

14. Phillips, J. U Hayward, S. W.» Wang, Y., Vassclli, J n Pavlovich. C, PadiHa- 
Hash, PezulJo. J: R., Ghadimi, B. M. t Grossfeki, G. D,, Rivera, et al 
(2001) Cancer Res. 61, 8143-8149. 

15. Platzer, P„ Upender, M. B„ Wilson, K., Willis, J., Uittcrbaugji, Nosrati, 
WHIson. J. K,, Mack, D.. Ried, T. & Markowitz, S. (2002) Cancer Res. 62, 
1134-1138. 

16. Albcrtson, D. G., Ylstra, B. t Segraves, R., Collins, C, Dairkee.S, H., Kowbel, 
D., Kuo, W. L., Gray, J, W. & Pinke!.. D. (2000) Nat Genet. 25, 
144-146. . 

17. Li, R n Yerganian, G^ Duesberg, P., Kraemer, A., Wilier, A., Rausch, C & 
Hehlmann, R. (1997) Proc. Natl. Acad. Set USA 94, 14506-14511. 

18. Rasnick. D. A Duesberg, P. H. (1999) B frchem, /. 340, 621-630. 



12958 j www t pna5.org/c9i/do!/10.1073/pna5.'»62471999 



Pollack et 9/. 



Exhibit 7 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant : Ashkenazi et al. 

App.No. : 09/903,925 

Filed • July 11,2001 

For : SECRETED AND 

TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS, ENCODING THE SAME 

Examiner : Hamud, Fozia M 



Group Art Unit 1647 

CERTMCATBibF EXPRESS MAILING 

I hereby certify that this correspondence is 
being deposited with the United States 
Postal Service with sufficient postage as 
first cla^s mail in an envelope addressed to 
Commissioner of Patents, Washington 
D.C. 20231 on: 



(Date) 



Commissioner of Patents 
P.O. Box 1450 

Alexandria, VA 22313-1450 

DECLARATION OF AVI A SHKENAZI. Ph.D 37 C.F.R. S 1.1.12 

I, Avi Ashkenazi, Ph.D. declare and say as follows: - 

1. Iam Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc^ South San Francisco, CA 94080. 

2. I joined Gehenteeh in 1988 as a postdoctoral fellow. Since then, I have 
investigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate such mechanisms as a means of therapeutic intervention in 
cancer and autoimmune disease. I am currently involved in the investigation of a series of ■ 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of therapeutic antibodies for cancer treatment. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 



gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5. If gene amplification results in over-expression of the mRNA and the 
corresponding gene product, then it identifies that gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information^ or cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification arid 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. ' 

By: fcfi*M a ~**n Dale: 9/l!rfc-b 
Avi Ashkenazi, Ph.D. — ' 7 



SV 455281 vl x 

9/12/03 3:06 PM (39780.7000) 



I 



Personal: 

Date of birth: 
Address: 
. Phone: 
Fax: 
Email: 

Education: 

1983:, 
1986: 

Employment: 

1983-1986: 

1985- 1986: 

1986- 1988: 

1988 - 1989: 

1989 - 1993: 
1994-1996: 

1996- 1997: 

1997- 1990: 
1999 -2002: 
2002-present: 

Awards: 

1988: 



CURRICULUM VITAE 
AviAshkenazi 

July 2003 



29 November, 1956 

1456 Tarrytown Street, San Mateo, CA 94402 
(650) 578-9199 (home); (650) 225-1853 (office) 
(650) 225-6443 (office) 
aa@gene.com 



B.S. in Biochemistry, with honors, Hebrew University, Israel 
PhD. in Biochemistry, Hebrew University, Israel 



Teaching assistant, undergraduate level Course in Biochemistry 
Teaching assistant, graduate level course on Signal Transduction 
Postdoctoral fellow, Hormone Research Dept M UCSF, and 
Developmental Biology Dept., Genentech, Inc., with J. Ramachandran 
Postdoctoral fellow, Molecular Biology Dept., Genentech, Inc , 
with D. Capon 

Scientist, Molecular Biology Dept., Genentech, Inc. 
Senior Scientist, Molecular OncologyDeptr, Genentech, Inc. 
Senior Scientist and Interim director, Molecular Oncology Dept., 
Genentech, Inc. 

Senior Scientist and preclinical project team leader, Genentech, Inc. 

Staff Scientist in Molecular Oncology, Genentech, hie. 

Staff Scientist and Director in Molecular Oncology, Genentech, Inc. 



First prize, The Boehringer Ingelheim Award 



1 



Editorial: 

Editorial Board Member: Gnrent Biology 
Associate Editor, Clinical Cancer Research. 
Associate Editor, Cancer Biology and Therapy. 

Refereed papers: 

1 . Gertler, A., Ashkenazi. A., and Madar, Z. Binding sites for human growth 
hormone and ovine and bovine prolactins in the mammary gland and liver of the 
lactating cow. Mol. Cell. Endocrinol 34, 51-57 (1984). 

2. Gertler, A., Shamay, A., Cohen, N., Ashkenazi. A. Friesen, H., Levanon, A., 
Gorecki, M., Aviv, H, Hadari, D., and Vogel, T. Inhibition of lactogenic 
activities Of ovine prolactin and human growth hormone (hGH) by a novel form of 
a modified recombinant hGH. Endocrinology 118, 720-726 (1986). 

3. Ashkenazi, A M Madar, Z., and Gertler, A. Partial purification and characterization 
of bovine mammary gland prolactin receptor. Mol. Cell Endocrinol 50, 79-87 
(1987). 

4. Ashkenazi, A., Pines, M., and Gertler, A, Down-regulation of lactogenic 
hormone receptors in Nb2 lymphoma cells by cholera toxin. Biochemistry 
Internatl 14, 1065-1072 (1987). 

5. Ashkenazi, A., Cohen, R., and Gertler, A. Characterization of lactogen receptors 
in lactogenic hormone-dependent and independent Nb2 lymphoma cell lines. 
FEB S Lett. 210, 51-55 (1987). 

6. Ashkenazi, A., Vogel, T., Barash, I., Hadari, D., Levanon, A., Gorecki, M., and 
Gertler, A. Comparative study on~in*kro and inwivd'mOdulation of lactogenic 
and somatotropic receptors by native human growth hormone and its modified 
recombinant analog. Endocrinology 121, 414-419 (1987). 

7. Peralta, E., Winslow, J., Peterson, G, Smith, D., AjhkenazLA, Ramachandran, 
J ..Schimerlik, M., and CapOn, D. Primary structure and biochemical properties 
of an M2 muscarinic receptor. Science 236, 600-605 (1987). 

8. Peralta, E. Ashkenazi. A.. Winslow, J., Smith, D., Ramachandran, J., and Capon, 
D. J. Distincm primary structures, ligand-binding properties and tissue-specific 
expression of four human muscarinic acetylcholine receptors. EMBO J. 6, 3923- 
3929(1987). 

). Ashkenazi, A., Winslow, J., Peralta, E., Peterson, G., Schimerlik, M., Capon, D., 
and Ramachandran, J. An M2 muscarinic receptor subtype coupled to both 
adenylyl cyclase and phosphoinositide turnover. Science 238, 672-675 (1987). 



2 



Pines, M., Ashkenazi, A., Cohen-Chapnik, R, Binder, L., and Gertler, A. 
Inhibition of the proliferation of Nb2 lymphoma cells by femtomolar 
concentrations of cholera toxin and partial reversal of the effect byl2-o- 
tefradecanoyl-phorbol-13-acetate. J. Cell. Biochem. 37, 1 19-129 (1988). 
Peralta, E, Ashkenazi, A., Winslow, J. Ramachandran, J., and Capon, D. 
Differential regulation of PI hydrolysis and adenylyl cyclase by muscarinic 
receptor subtypes. Nature 334, 434-437 (1988). 
Ashkenazi., A. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functionally distinct G proteins couple different receptors to PI hydrolysis in the 
same cell. Cell 56, 487-493 (1989). 

Ashkenazi, A., Ramachandran, J., and Capon, D. Acetylcholine analogue 
stimulates DNA synthesis in brain-derived cells via specific muscarinic 
acetylcholine receptor subtypes. Nature 340, 146-150 (1989). 
Lammare, D., Ashkenazi, A., Fleury, S., Smith, D.,jSekaly, R., and Capon, D. 
The MHC-binding and gpl20-binding domains of CD4 are distinct and separable 
Science 245, 743-745 (1989). 

Ashkenazi., A., Presta, L., Marsters, S., Camerato, T., Rosenthal, K., Fendly, B., 
and Capon, D. Mapping the CD4 binding site for human immunodefficiency 
virus type 1 by alanine-scanning mutagenesis. Proc. Natl. Acad. Sci. USA.%1, 
7150-7154(1990). 

Chamow, S., Peers, D., Byra, R., Mulkerrin, M., Harris, R, Wang, W., Bjorkman, 
P., Capon, D., and Ashkenazi, A. Enzymatic cleavage of a CD4 immunoadhesin 
generates crystallizable, biologically active Fd-Hke fragments. Biochemistry 1% 
9885-9891(1990). « ...^ ^ _ 

Ashkenazi, A., Smith, D., Marsters, S., Riddle, L., Gregory, T., Ho, D., and 
Capon, D. Resistance of primary isolates of human immunodefficiency virus type 
1 to soluble CD4 is independent of CD4-rgp 120 binding affinity. Proc. Natl. 
Acad. Sci. USA. 88, 7056-7060 (1991). 

Ashkenazi, A. , Marsters, S., Capon, D., Chamow, S., Figari., L, Pennica, D.^ 
Goeddel., D., Palladino, M., and Smith, D. Protection against endotoxic shock by 
a tumor necrosis factor receptor immunoadhesin. Proc. Natl. Acad. Sci. USA. 88, 
10535-10539(1991). 

Moore, J., McKeating, J., Huang, Y.. Ashkenazi. A ., and Ho, D. Virions of 
primary HTV-1 isolates resistant to sCD4 neutralization differ in sCD4 affinity and 
glycoprotein gpl20 retention from sCD4-sensitive isolates. J. Virol. 66, 235-243 
(1992). 



3 



20. Jin, H., Oksenberg, D., AshkenazL A.. Peroutka, S., Duncan, A., RozmaheL, R., 
Yang, Y., Mengod, G., Palacios, J., and O/Dowd, B. Characterization of the 
human 5-hydroxytryptainineiB receptor. X Biol Chenu 267, 5735-5738 (1992) 

21. Marsters, A., Frutkin, A., Simpson, N., Fendly, B. and AshkenazL A. 
Identification of cysteine-rich domains of the type 1 tumor necrosis receptor 
involved in ligand binding. J. Biol Chem. 267, 5747-5750 (1 992). 

22. Chamow, S., Kogan, T., Peers, D., Hastings, R., Byrn, R., and Ashkenazi. A. 
Conjugation of sCD4 without loss of biological activity via a novel Carbohydrate- 
directed cross-Unking reagent. J. Biol Chem. 267, 15916-15922 (1992). 

23. Oksenberg, p., Marsters, A., ODowd, B., Jin, H, Havlik, S., Peroutka, S, and 
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therapy, new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 
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Curr. Opin. Cell. Biol. 11,255-260 (1999). 
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5 1 . Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
•Research Center, Johns Hopkins University, Baltimore MD. May 2002. 
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reagents. US patent 6,124,435 (Sep 26, 2000) 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 
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Each year, over 182,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients, These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

,„.. HEft-i/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with Vapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunohistochemistry 
(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2/neu gene amplification. 4 HEl^-2/neu 
status may be particularly important to establish in women with 
small 1 cm) tumor size. 

The choice of methodology for determination of BER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
invblvinc 1549 node-positive patients. Patients received one 
of three different treatments consisting of different doses of 
< cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF) 
The study showed that patients with amplified HEft-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not; The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast canber patients. 

Selection of patients for Herceptin* (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon dernonsjra- * 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin e in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking' at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will uh> 
iize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 



AUGUST 1908 



CPT code information 



References 



HER^/neuvla IHC 
88342 (including interpretive report) 

HEK-2/nexi via FISH 

88271 *2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
88291 Cytogenetics and molecular cytogenetics, interpret 
tation an< report 

Procedural Information 

Immunohistochemistry is performeld using the FDA-approved 
DAKO antibody kit, HerceptestG The DAKO kit contains 
reagents required to complete a two-step imnvunohisto- 
chemical staining procedure for.routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site. The specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Foimalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, Spectrum orange) present at 
the chromosome-l^centGQinere and the second for the HER- 
2/neu oncogene located at 17ql 1.2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratoiy at SHMC. 
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